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Summary 
This report identifies areas of Cockatoo Sands adjacent to the Ord River Irrigation 
Area (ORIA), Kununurra, with high potential for developing irrigated agriculture. It 
builds on a reconnaissance soil survey conducted in 2009 which identified significant 
areas of sandy and loamy soils in the Kununurra area that could be suitable for 
agriculture. 
The Cockatoo Sands are recognised as having potential for irrigated agriculture 
because they are much better drained than the ‘black soils’ of the ORIA. This means 
that they can be cultivated and planted either at the start of the wet season or much 
earlier in the dry season than most of the soils of the ORIA. Consequently, 
developing the Cockatoo Sands may provide the opportunity to grow multiple crops 
during the year and also to grow a broader variety. This would also provide the 
opportunity for more efficient usage of available plant, equipment and labour 
resources in the Kununurra area. 
The areas of Cockatoo Sands identified for agricultural development are 
predominantly deep red sandy earths. These soils are well-drained to rapidly drained 
and do not develop a persistent perched watertable during the wet season, which 
allows the potential for year-round access and cropping. Cockatoo Sands are 
generally associated with level land or gently inclined slopes; most areas with slopes 
greater than 2% were not considered for potential development because of a high 
risk of water erosion. 
Soil analysis of Cockatoo Sands identifies no perceived chemical or major physical 
limitations that would preclude the use of these soils for irrigated agriculture, 
excepting the normal requirement to apply sufficient plant nutrients for optimal 
growth. Soil tests of Cockatoo Sands from established horticultural blocks indicate 
minimal change to soil characteristics over time, suggesting that existing 
management practices can result in sustainable production. 
Soil factors that would need to be considered with development include the low 
buffering capacity of the topsoil horizons, the potential increase of soil acidity over 
time and the potential decline of calcium–sodium ion ratios. These factors can be 
controlled through fertiliser management and amelioration with gypsum. 
Structureless sandy and loamy subsoils are prone to compaction under repeated 
cultivation and will require periodic deep-ripping under annual agriculture. 
The main land qualities that determine the agricultural capability of Cockatoo Sands 
are drainage, risk of soil erosion under high rainfall and associated loss of nutrients 
that may lead to eutrophication of water systems. 
This investigation identified 2490 hectares (ha) of Cockatoo Sands, situated 15 
kilometres (km) south-east of Kununurra and bordering Victoria Highway, as having 
the most potential for irrigated agriculture. About 4110ha of Cockatoo Sands, 
occurring in several parcels of land, were also identified north of Carlton Hill Road 
about 5km north-east of the existing ORIA Stage 1 area (Figure 1.1). Both locations 
are about 10km from the Ord River or ORIA water supply channels and both areas 
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will require a reticulated water supply because groundwater yields are too low to 
support development of commercial irrigated agriculture. 
This investigation also identified about 2370ha of Pago soils at Carlton Hill, which 
could be used for broadscale fodder cropping or perennial crops that can use subsoil 
water. These sands and sandy earths, which have subsoils that are less permeable 
than the Cockatoo Sands, are less suited to intensive annual horticulture, because 
they are likely to develop perched watertables under high irrigation rates. 
About 1400ha of the Carlton Hill area contains red loamy duplex and red loamy earth 
soils, termed Packsaddle soils, which have a fair potential for irrigated agriculture. 
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1 Introduction 
This investigation identifies areas of Cockatoo Sands and associated soils with high 
potential for irrigated agriculture development and that are close to the town of 
Kununurra and the Ord River Irrigation Area (ORIA). 
‘Cockatoo Sands’ is a local name for red sandy soils of the East Kimberley. George 
Burvill (1944) initially used the term Cockatoo sand to group all siliceous sands 
associated with sandstone hills and colluvial slopes in the Kununurra area. Within this 
group, Burvill recognised red, brown and pale yellow variants but did not map these 
soils separately as they all had low agricultural potential under flood irrigation. 
Subsequent soil surveys in the Kimberley and Northern Territory (Stewart et al. 1970, 
van Cuylenberg 1977, Dixon 1979,) distinguished and delineated the various sandy 
soils and designated the well-drained red siliceous sands and sandy earths as 
belonging to the Cockatoo family of soils. In this report the term Cockatoo Sands is 
used in reference to the red sandy soils within the survey area. 
Areas of Cockatoo Sands were investigated because they are well-drained and not 
subject to waterlogging and inundation. Therefore, they can be easily cultivated and 
prepared for planting during the early and late stages of the wet season. This 
characteristic is in contrast to the ‘black soils’ of the ORIA which are imperfectly 
drained and often seasonally affected by waterlogging and inundation. Horticultural 
and broadscale agricultural production on Cockatoo Sands would therefore be less 
affected by seasonal variations in rainfall and could also allow the introduction of new 
crops and market opportunities for the region. 
Areas surveyed during this investigation were initially identified from reconnaissance 
soil mapping of about 50 000ha of Cockatoo Sands and associated soils in 2009 
(Smolinski et al. 2010). 
This report describes the results of a more-detailed assessment of two areas that 
have high potential for irrigated agriculture (Figure 1.1): 
• Victoria Highway area, which is about 3000ha along the Victoria Highway, centred 
15km south of Kununurra 
• Carlton Hill area, which is about 7000ha north of Carlton Hill Road, about 15km 
north of Tarrarra Bar, Ord River. 
Both areas contain mainly Cockatoo Sands but also have inclusions of red clay soils 
that could potentially be developed for irrigated agriculture. Because both areas are 
relatively close to the Ord River or the existing ORIA irrigation channel system, they 
also have the potential to be irrigated via pipelines from these water sources. 
In addition, another area — termed the Bonaparte Plains — comprising about 
30 000ha of Cockatoo Sands and situated about 50km north of the ORIA, is currently 
being assessed for potential groundwater resources. 
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Figure 1.1 Location of the Victoria Highway and Carlton Hill areas with potential for 
irrigated agriculture 
1.1 Previous studies 
Within the Kimberley region, the Cockatoo Sands (also referred to as Cockatoo 
family or Cockatoo sand, Isbell 1986) are associated with the Cockatoo and Pago 
land systems (Stewart et al. 1970). In general, previous soil or land system surveys 
and regional geology studies indicate the Cockatoo Sands are mainly derived from 
siliceous siltstones and sandstones of Devonian age and in the Kununurra area, the 
rocks belong to the Cockatoo formation (Geological Survey of Western Australia 
1974). Mineralogy studies on sandstones, conducted by Carroll (1947), show heavy 
residues were found to be practically identical with those of the overlying soil. 
The term Cockatoo sand was first introduced by Burvill (1944) to describe the 
principal soil type associated with sandstone hills occurring east of the Kununurra 
townsite and south to Cockatoo Springs. These soils are locally known as Cockatoo 
Sands and are predominantly red-brown siliceous sands. However, at the mapping 
scale used by Burvill, all siliceous sands (red, brown and yellow sands) were 
assigned to the Cockatoo family of soils. Burvill considered the formation of the 
various coloured soil phases was influenced by topography and drainage and that 
they could be delineated with more detailed mapping. 
Soil investigations by van Cuylenberg (1977) in the Kununurra area identified 
Cockatoo, Pago, Cajuput, Elliot and Cullen families of mainly sandy soils that occur in 
association and are formed from sandstone parent material. The reports of Dixon and 
Petheram (1979) and Dixon and Holman (1980) used the soil families identified by 
van Cuylenberg in their mapping. These reports support Burvill’s hypothesis that a 
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gradual change in soil colour and clay content was influenced by soil drainage and 
landscape position. For example, Dixon and Petheram (1979) found that red 
Cockatoo Sands are encountered higher in the landscape, while brown Pago and 
pale yellow Cajuput sandy soils occurred in wetter locations lower in the landscape. 
Soil classification system and nomenclature used by previous surveys is based on 
the Australian Great Soil Group system outlined by Stephens (1956). 
The review by Isbell (1986) of the major soils of the North and East Kimberley 
regions indicated that the soil families described in early surveys, including those by 
Burvill (1944) and Stewart (1956), were inadequately defined and required revision. 
Isbell found that soil profiles were seldom examined below 120cm, which is 
considered too shallow for describing soil morphology or differentiating soil 
characteristics such as drainage. Furthermore, Isbell found that the practice of using 
the same land system and soil family names also leads to confusion. 
More recently, a reconnaissance soil survey carried out in the surrounds of the ORIA 
recognised sandy and loamy variants of the Cockatoo Sands (Smolinski et al. 2010). 
They also assessed the seasonal internal drainage of the Cockatoo and Pago soils 
and found that Pago soils are more prone to seasonal waterlogging. 
The term Cockatoo Sands is now generally used to include red to yellowish red 
sands, sandy earths and loamy earths that have been formed from quartz sandstone 
colluvium throughout the East Kimberley. To comply with general soil naming 
convention the term Cockatoo sand is used with a sub group or phase name when 
referring to a specific Cockatoo soil types. 
1.2 Geology 
The geology of the study areas is described by Mory and Beere (1988). They 
concluded that the Carlton Hill and Victoria Highway areas of Cockatoo Sands are 
derived from Palaeozoic sediments of the Bonaparte Basin. The two areas are 
separated in the vicinity of Kununurra by the Pincombe Inlier. 
The Pincombe Inlier consists of siliceous siltstone and fine-grained sandstone, 
micaceous shale and quartz sandstone which are part of the Pre-Cambrian Carr 
Boyd Group (Plumb & Veevers 1977). 
The Antrim Plateau Volcanics outcrop occurs on the southern edge of the Victoria 
Highway area (Figure 1.2) and along the southern edge of the Carlton Hill area 
(Figure 1.3). The outcrop consists of Cambrian massive, vesicular and porphyritic 
basalt, with minor agglomerate, siltstone, sandstone, tuff and chert (Mory & Beere 
1988). 
The Victoria Highway area contains a sequence of Upper Devonian sandstone and 
siltstone belonging to the Cockatoo group which are considered to be the main 
parent materials from which Cockatoo Sands are derived (Plumb & Veevers 1971). In 
particular, Cecil Sandstone (pebbly sandstone) and Kellys Knob Sandstone are 
conspicuous along the Matheson Ridge. Isolated outcrops of silicified sandstone 
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containing chert (possibly Hargraves Formation) occur within the eastern half of the 
survey area. 
The Carlton Hill area is dissected by numerous faults and contains a complex 
distribution of sedimentary rocks ranging from Proterozoic shales and siltstones to 
Carboniferous limestone. 
 
Figure 1.2 Surface geology of the Victoria Highway area 
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Figure 1.3 Surface geology of the Carlton Hill area 
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1.3 Physiography 
The Victoria Highway area is a pediment consisting of very gently inclined rises and 
footslopes which are dissected by the Victoria Highway between the Emu Creek 
Community and Red Creek (Figure 1.2). Its southern border is situated along 
sandstone hills adjacent to Matheson Ridge, which is the main drainage divide. Most 
of the area occurs between 70 and 110mAHD (Australian Height Datum) (Burt Range 
topographical survey 1:50 000, 4666-2) and slopes to the north-north-east towards 
Eight Mile Creek, a tributary of the Keep River. The western third of the area drains 
towards saline flats associated with Emu Creek and Maxwell Plain that eventually 
drain to swamps bordering the Ord River. Saline flats are typified by shrub–heath and 
halophytes occurring on saline–sodic duplex soils developed on shallow sandstone. 
Several sandstone and ironstone gravel quarries are located along the Victoria 
Highway and especially to the south-west where ferruginous gravel is commonly 
encountered over shallow sandstone. 
The Carlton Hill area represents very gently inclined pediments that grade south from 
120mAHD to 60mAHD (Carlton Hill topographical survey, 1:50000, 4667-3) between 
the Pretlove and Jeremiah Hills to Carlton Hill Station Road. Its southern border is 
about 1.5km north of the Ord River (Figure 1.3) and about 4km west of the existing 
ORIA. Several ephemeral drainage lines that dissect the area have their headwaters 
along the Skewthorpe and Pander Ridge lines that define faults between the 
Cambrian (Hart Spring and Clark Sandstones) and Devonian (Cockatoo group) 
sandstones. 
A permanent spring that crosses the Ningbing Road has its headwaters near the 
Pander Ridge. 
1.4 Climate 
Kununurra is situated within the semi-arid tropics and receives most of its rainfall in 
summer (January to March) from monsoonal fronts. Long-term mean annual rainfall 
is 780 millimetres per year (mm/y); however, in the last five years Kununurra has 
recorded rainfall in the range of 350 to 1550mm/y. Monsoonal fronts often deliver rain 
in high intensity and duration with several, 50–100mm/day events commonly 
occurring each year. In years when the monsoons do not eventuate Kununurra 
receives rain from sporadic thunderstorms that may deliver a total annual rainfall of 
less than 600mm. 
The mean minimum and maximum temperatures are about 14°C and 30°C in July 
and 25°C and 39°C in November. 
Annual pan evaporation is around 3000mm/y for the Kununurra area (Ruprecht & 
Rodgers 1999).  
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2 Soil survey 
The soil survey focused on areas of Cockatoo Sands identified by Smolinski et al. 
(2010) as having high potential for irrigated agriculture. Isolated areas of Cockatoo 
Sands (less than 500ha) were not considered, nor were areas that showed obvious 
hazards such as water erosion on steep slopes, poor drainage, shallow soil depth 
and extensive rockiness. Most areas of Cockatoo Sands with slopes greater than 2% 
were not assessed in detail as they are associated with rock outcrops, contain 
numerous water flow lines or are strongly dissected, indicating an inherently high risk 
of water erosion. 
Major soil or landscape factors that were assessed to determine if sustainable 
agricultural development is possible include the risks of soil erosion, shallow 
watertables and secondary salinity (Smith & Hill 2011). Data directly attributed to 
these factors that required assessment included: 
• soil texture 
• depth to bedrock 
• depth to seasonal watertable 
• landscape complexity and slope. 
2.1 Preliminary data analysis 
Prior to the field soil survey, a Geographic Information System (GIS) based multi-
theme map was created to enable field operators to review all spatial and point data 
relevant to the study area and input new observations. The GIS system used was 
Geomedia Professional, loaded on to a field tablet computer. The relevant data 
themes used were: 
• existing site locations extracted from the DAFWA soil profile database (Smolinski 
et al. 2010) 
• existing reconnaissance survey (Smolinski et al. 2010), 1:50 000 regional soil 
mapping (Dixon & Petheram 1979) and DAFWA’s land system mapping 
• existing geology mapping (Plumb & Veevers 1971) 
• existing gamma radiometrics surveys (Geological Survey of Western Australia 
2013, Percival 2010, Geoscience Australia 2010) 
• digital orthophotos (Kununurra + Extension mosaic 4666, July 2010; Carlton Hill + 
Extension 4667 mosaic, July 2010) 
• semi-detailed mapping produced by Dixon and Petheram (1979). 
Once all the data was assembled, the map units identified in previous surveys were 
checked to familiarise the surveyors with various soil types. 
  
7 
Cockatoo Sands: land capability assessment  
2.2 Field survey procedure 
The soil survey team familiarised themselves with the main soil-landscapes and 
indicator vegetation during an initial field visit before the survey. Additional vegetation 
identification during the field survey used Petheram and Kok (1983) as a pictorial 
reference. 
Once the soil-landscape and vegetation patterns were verified against the various 
GIS themes, the field survey was used to confirm the extent of sand and loamy soils, 
particularly the Cockatoo Sands. 
The field survey was conducted from 15 May to 26 July 2012 and 7–10 January 
2014. Soil description sites were chosen on the following basis: 
• to ensure the majority of mapped soil units contained sites 
• to ensure the photo-vegetation patterns within mapped soil units were represented 
by site and soil descriptions 
• to improve site density and distribution within the survey areas. 
Two hundred and seventy-five sites were described. Site locations were recorded 
using a standard GPS unit (Garmin GPS Map 62s) set to GDA94 datum. Site 
locations and selected field observations were also directly entered into a description 
theme on the field GIS, using the Geomedia Mobile ‘real-time tracking’ facility. In this 
way, key field observations, including depth to rock or watertable, could be reviewed 
in near real-time. 
Soil profiles were identified from combined mechanical coring and auger boring to a 
maximum depth of about 4–8m using an Eziprobe soil corer/drill rig mounted on a 
4WD utility vehicle. At each site the upper 1.2m (approximately) of the soil profile was 
sampled by hand augering or coring. Soil cores were stored undisturbed in a clear 
polycarbonate sheath which was capped at each end and subsequently transported 
to the DAFWA soil laboratory in South Perth, where cores were subdivided and air-
dried prior to analysis. The rest of the profile was sampled by mechanical auger and 
described according to the methods and terminology of McDonald et al. (1998). Data 
routinely recorded on field sheets included: 
• vegetation structure and dominant and/or indicator species 
• landform features including surface erosion, surface condition and cracking 
• soil colour, using the Munsell colour chart (Munsell Color Company 1975) 
• soil texture, described by hand texturing 
• soil structure 
• presence of gravel and segregations 
• soil pH of selected samples using a field pH indicator kit (Raupach & Tucker 1959) 
• salinity of selected soil samples throughout the profile using a 1:5 ratio of soil to 
deionised water and a handheld electrical conductivity (EC) meter 
8 
Cockatoo Sands: land capability assessment 
• depth to watertable or saturated soil horizon (depth to watertable was monitored 
on Pago soil and Cockatoo Sands at a few sites after the 2010 and 2012 to 2013 
wet seasons) 
• depth to hardpan, bedrock or other perceived resistive layer. 
After the field survey, representative soil profiles were selected and sampled from 
backhoe pits excavated to 2–3m. Soil horizons from each soil profile were sampled 
for chemical analysis and soil particle size. Analysis was conducted at the Chemistry 
Centre (WA) and CSBP soil laboratory. Soil chemical methods are based on those 
described in Rayment and Lyons (2011). The codes used by this reference (e.g. 
7C2b) are included below. 
Soil physical and chemical tests were as follows: 
• nitrate and ammonium (7C2b) 
• Colwell phosphorus and potassium (9B and 18A1) 
• sulphur (10D1) 
• organic carbon (6A1) 
• soil pH and conductivity (4A1, 4B3 and 3A1) using 1:5 soil water; calcium chloride 
pH using 0.1M solution 
• trace elements: copper, iron, manganese, zinc (DTPA 12A1,12B1) 
• exchangeable cations aluminium, calcium, magnesium, potassium, sodium (15E1) 
• extractable boron (12C1) 
• chloride (5A4) 
• soil particle size (Indorante et al. 1990) 
• phosphorus retention index (Allen & Jeffrey 1990). 
In addition, soil bulk density was determined from intact cores obtained using an 
82.5mm internal diameter x 100mm long stainless steel corer. Field saturated 
hydraulic conductivity was determined for topsoil and subsoil horizons using a ring 
permeameter (Hignett 2013). Saturated topsoil horizons were sampled after 24 hours 
to determine field capacity for the Cockatoo Sands. 
The combined site, profile and chemistry information was used to classify soil profiles 
according to WA Soil Groups (Schoknecht & Pathan 2012) and the Australian Soil 
Classification (Isbell 2002). All information was entered into DAFWA’s soils database. 
In-field soil boundary delineation and final soil map production used Geomedia 
software. Maps depicting depth to rock or watertable boundaries were developed 
through statistical extrapolation and interpolation using Geomedia Grid. 
The purity of the map units is based on 390 field observation sites, including 115 from 
the earlier reconnaissance survey (Smolinski et al. 2010). This equates to an 
observation density of about one site per 26ha, signifying that it is suitable for a 
mapping scale of 1:25 000 (McKenzie et al. 2008). 
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2.3 Terrain elevation data 
A digital elevation model (DEM) was developed as part of the soil survey to aid soil 
boundary delineation and identify slope classes. Data enabling the construction of 
the DEM was collected using a Javad Triumph-1 G3T Integrated RTK GNSS System, 
consisting of: 
• two Javad Triumph-1 G3T receivers 
• Carlson Surveyor Plus data collector–controller kit 
• 35W HPT435 radio–repeater kit. 
This system has Kinematic and RTK (on the fly) horizontal and vertical accuracies of 
1cm and 1.5cm respectively. 
Base stations were set up over existing standard survey marks (SSM), or two survey 
marks or benchmarks (BM) that were created. Surveys were set up by referencing at 
least two known SSMs or BMs at the beginning and end of each day. The kinematic 
survey stored geo-referenced points (x, y, z) at either 100m horizontal distance 
intervals or at 1m vertical intervals from the last point stored. In undulating areas, 
such as creek lines or rocky areas, more data points were also manually entered. 
A repeater radio was used to maximise survey range, which was typically less than 
6km from the base station. Provided that an SSM could be located in the near vicinity 
and the vegetation was the typical open woodland, about 1500ha of land could be 
surveyed in a day. 
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3 Soil and land description 
Description of soil families identified in this soil survey builds on previous soil surveys 
and provides additional chemical and physical data for the deeper subsoil. 
Representative soil profiles and chemical data for the major soils are provided in 
Appendix A and a summary of all soil observation sites is listed in Appendix B. 
3.1 Soil families 
3.1.1 Cockatoo Sands family 
As indicated in previous soil and geological surveys the Cockatoo Sands are derived 
from siliceous sandstones of the Cockatoo group. In situ formation was evident on 
deeply weathered sandstones when hand augering through the soil–bedrock 
boundary as the red siliceous sand and underlying soft weathered sandstone shared 
a similar colour and sand grain size. 
Topsoils usually have a loose to firm surface (0–3cm) of dark greyish brown or dark 
reddish brown sand to clayey sand overlying firm yellowish red or red sand to clayey 
sand, less commonly sandy loam. Topsoils have a very weak consistence when dry. 
Below the topsoil (typically 0–20cm), subsoils are yellowish red to dark red clayey 
sand to light sandy clay loam, often extending below 200cm. The texture of this 
horizon was used to determine whether the soil was classified as a sand, sandy earth 
or loamy earth. This soil assessment identified four phases of the Cockatoo Sands 
family. 
Cockatoo sand, sandy phase 
These soils have loamy sand to clayey sand subsoils with a single grain to massive 
structure. Soil texture is uniform to 200cm or clay content may increase gradually 
from sand to clayey sand (i.e. less than 10% clay content). These soils are classified 
as Red deep sands (Schoknecht & Pathan 2012) and Red-Orthic Tenosols (Isbell 
2002). Note: the use of a capital letter for Red (and for certain other adjectives and 
nouns throughout) is in accordance with the format used in the Australian Soil 
Classification. 
Red deep sands were encountered near rock outcrops that are generally higher in 
the landscape; however, Red deep sands with a uniform loamy sand texture 
commonly bordered Pago soils on lower slopes and open depressions. 
Cockatoo sand, normal phase 
These soils have loamy sand grading to sandy loam or light sandy clay loam subsoils 
within a depth of 200cm. The more loamy subsoils have a massive structure (when 
dry) or weak crumb and slightly sticky consistence (when moderately moist). These 
soils are classified as Red sandy earth (Schoknecht & Pathan 2012) and Red-Orthic 
Tenosols or Red Kandosols (Isbell 2002). Note: Kandosols are distinguished from 
Tenosols by having light sandy clay loam subsoil texture (i.e. greater than 15% clay 
content). 
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Red sandy earths or Red-Orthic Tenosols are the most common Cockatoo Sands in 
the survey areas. These soils overlie sandstone but are not associated with a specific 
landscape position. 
Cockatoo sand, loamy phase 
These soils have a shallow clayey sand to sandy loam topsoil horizon over a sandy 
loam to light sandy clay loam lower topsoil horizon that grade to sandy clay loam 
within a depth of 200cm. Soil structure is massive or weak crumb. These soils are 
classified as Red loamy earth (Schoknecht & Pathan 2012) and Red Kandosols 
(Isbell 2002) 
Red loamy earths generally occur adjacent to calcareous rocks of the Ningbing 
limestones. It seems likely the calcareous rocks influence the development of the 
loamy soils as reddish clay loams and clays also occur on limestones in the survey 
area. This association of red loamy soils and limestones was also noted by Stewart 
(1956) in regard to the Tippera soils of the Katherine–Darwin region. 
In most Cockatoo Sands, clay content increased with depth. The increase in clay was 
usually gradual to diffuse for deep sands and sandy earths. However, loamy earths 
occurring within the Carlton Hill area occasionally had clearer lower topsoil horizon 
boundaries and compact layers, particularly on lower slopes where they bordered 
loamy textured Packsaddle soils. Clearer boundary differentiation and soil 
compaction appeared to most often develop in the wetter locations that are probably 
subject to sheet flow and short periods of inundation. 
Lower subsoil horizons, in all Cockatoo Sands, may have a few yellow-brown mottles 
below 150cm that appear to be associated with biological activity (i.e. old root 
channels or insect castes). Sporadic bleaching (light red blotches), which may be 
associated with fungal or other biological activity, is sometimes evident within the 
lower topsoil of Red deep sands and Red sandy earths. 
Cockatoo sand, gravelly phase 
The sandy earths and loamy earths belonging to the Cockatoo Sands usually contain 
a few medium-sized (2–6mm) ferruginous or iron–manganese segregations (often 
called ironstone gravels). These segregations were sometimes soft but more often 
had nodular form with a weak to strong soil strength. The segregations were more 
common below 200cm and included concretions, nodules and vermicular laminae 
(Figure 3.1). 
A layer of iron–manganese segregations or laminae usually occurred above the 
weathered sandstone basement. 
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Figure 3.1 (from left to right) Ironstone gravels, which occur below 200cm; large 
ironstone nodule; ironstone pan fragment showing vermicular form 
Cockatoo Sands containing common to abundant ironstone gravel within 100cm 
represent a minor variant within the survey area. These gravelly soils are a major 
constituent of lateritic complex and sandstone laterite complex as described by Dixon 
and Petheram (1979). 
These soils were commonly classified as Sandy gravels (Schoknecht & Pathan 2012) 
and Ferric Red-Orthic Tenosols or Paralithic Sesqui-Nodular Tenosols (Isbell 2002). 
Gravelly soils usually occur at the break of slope or at the boundary between 
Cockatoo and Pago soils. Topsoils are dark reddish brown loamy sand grading to 
clayey sand or sandy loam. A few scattered gravels present on the soil surface 
usually indicated a gravel layer occurring at 30–60cm. The gravels have a 
concretionary and nodular form and ferruginous pans occur within the lower subsoil 
over sandstone (as indicated in Figure 3.2). Gravelly subsoil horizons often had a 
sandy loam to sandy clay loam matrix that may exhibit paler red or yellow-brown 
mottling. This mottling indicates short periods of subsoil saturation. 
 
Figure 3.2 Cockatoo sand, gravelly phase over sandstone (Kununurra tip site) 
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Ferruginous segregations generally develop under cyclic wet–dry seasonal 
conditions where the subsoils become seasonally saturated and then dry out, 
whereas soils experiencing more prolonged periods of saturation are usually 
characterised by bleached soil horizons, pale yellow-grey soil mottling or gleying (dull 
grey-blues). 
The absence of yellow-grey mottling in the upper 200cm of all Cockatoo Sands, apart 
from some gravelly variants bordering Pago soils, indicates that shallow watertables 
are unlikely to persist in Cockatoo Sands in its undeveloped state. Deep drilling on 
typical Cockatoo Sands show that soil profiles have a uniform red colour extending to 
the underlying sandstone. Seasonal checks of depth to watertable at benchmark soil 
sites during 2009–13 also showed that watertables did not persist after the end of the 
wet season. However, watertables were evident on the periphery of Cockatoo Sands 
where they transition into Pago, Cullen or Elliot soils. These transitional soils are 
distinguished by yellowish red to brown soil profiles and subsoil mottling that is 
evident within 200cm. 
Cockatoo Sands commonly have a massive soil structure, apart from the upper 
topsoil (0–10cm), which is loose and single-grained with a sandy fabric. From 10 to 
40cm, the lower topsoil horizons usually have a transition from a sandy to earthy 
fabric. Figure 3.3 shows the typical massive earthy fabric of a loamy subsoil horizon, 
which is associated with more coherence and slight stickiness when wet. When 
moderately moist the loamy subsoil horizons have a crumb or weak granular 
structure. Numerous soil pores are evident throughout the soil profile. 
Cockatoo Sands with loamy sand or clayey sand texture have a very weak to weak 
consistence when dry, while sandy loam or clay loam horizons have a weak to firm 
consistence. 
 
Figure 3.3 Cockatoo sand, loamy phase with a massive structure and earthy fabric 
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3.1.2 Pago family 
Apart from having a yellow-brown subsoil colour, Pago soils appear to share similar 
soil morphology with Cockatoo Sands and in this study all Pago soils are classified as 
sands. 
Dixon and Petheram (1979) described Pago family soils as soils with yellow-brown 
subsoils having hues browner than 5YR on the Munsell colour chart (Munsell Color 
Company 1975) which implies that strong brown, reddish yellow and brownish yellow 
sands should be grouped under the Pago family. Dixon and Petheram recognised 
that some Pago soils were prone to subsoil waterlogging, contrary to what was 
suggested by Speck et al. (1960). 
Like Cockatoo Sands, Pago soils are derived from sandstones belonging to the 
Cockatoo group. Soil mapping boundaries are often arbitrary as these soils merge to 
form soil intergrades. 
Topsoil horizons are commonly dark greyish brown sand or loamy sand that grade to 
yellowish brown or strong brown loamy sand by 20cm. Typical subsoil horizons are 
strong brown (Figure 3.4); wetter variants are yellowish brown while better drained 
soils grade to yellowish red with depth. 
 
Figure 3.4 Typical profile of Pago sand, normal phase 
Soil texture may increase gradually with depth although uniform loamy sands more 
commonly extend below 200cm. Clayey sand or sandy loam horizons containing 
ferruginous segregations or bog-iron ore gravels may occur at about 150cm, although 
they are more commonly intersected below 200cm. 
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Pago family soils are subdivided into two groups on the basis of soil texture: 
Pago sand, normal phase 
These soils have deep uniform sand to loamy sand soil profiles with loamy substrates 
occurring below 200cm. Brown deep sands are more common and are typical of 
Pago soils described in previous soil surveys. These soils are classified as Yellow or 
Brown deep sands (Schoknecht & Pathan 2012) and Yellow-Orthic or Brown-Orthic 
Tenosols (Isbell 2002). 
Pago sand, loamy phase 
These soils are loamy variants that have sandy loam to sandy clay loam horizons 
within 200cm. The upper 100cm of the soil profile is similar to typical Pago sand. 
Below 100cm, soil colour is more yellow and clay content gradually increases to 
sandy loam or light sandy clay loam by about 120–150cm. Soft to hard ferruginous 
segregations are usually present within the loamy horizons together with pale yellow 
and red mottles. Mottled sandy clay loam may occur within 200cm and grey-yellow 
mottling is evident in wetter areas. These soils are classified as Yellow or Brown 
deep sands with a ‘fair sand, effective duplex’ qualifier (Schoknecht & Pathan 2012) 
and Yellow-Orthic or Brown-Orthic Tenosols, Yellow or Brown Kandosols (Isbell 
2002). 
Wetter Pago soils intergrade with Cajuput soils, particularly on the periphery of 
drainage lines. 
3.1.3 Cajuput family 
Cajuput soils are coarse-grained, light grey to yellow-brown sands associated with 
lower slopes and flats bordering drainage lines. Soil parent material is strongly 
leached, reworked colluvial sands derived from the surrounding sandstone hills 
(Dixon & Petheram 1979). Dixon and Petheram mention that Cajuput is a local name 
for areas supporting Melaleuca species, which are common indicators of this soil. 
The main diagnostic feature of Cajuput soils is that they are paler and have negligible 
clay content, relative to Pago soils. 
Cajuput soils are classified as Yellow deep sands or Pale deep sands (Schoknecht & 
Pathan 2012) and Arenic Bleached-Orthic Tenosols or Yellow-Orthic Tenosols (Isbell 
2002). 
Cajuput topsoils have very dark grey sands or humic sands overlying light greyish 
brown, pale yellow or brown sand or weak loamy sand. Yellow, brownish yellow or 
pale brown sand is encountered below 50cm. During the dry season saturated soil 
horizons or a watertable are encountered within 200cm. As indicated by vehicle ruts 
on tracks, free water is likely to occur within 100cm during the wet season. 
Cajuput soils are structureless, single-grained and loose with a sandy fabric. Their 
properties of having very low water-holding capacity, prolonged seasonal 
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3.1.4 Cullen and Elliot families 
Drainage lines, lower slopes and flats that dissect or border areas of Cockatoo and 
Pago soils contain a complex of duplex and gradational soils termed Cullen and Elliot 
soils. These soils are moderately well-drained to poorly drained and are subject to 
periodic waterlogging and inundation. It is likely that these soils have developed 
under cyclic oxidation-reducing environments and show evidence of reworking 
through water erosion and receive depositional inputs of clayey sediments from 
colluvium and biogenic silica. The more poorly drained soils have developed on 
shallow sandstone or iron–silica hardpans and have sodic properties (i.e. dispersive 
clay subsoils). Cullen and Elliot soils occur together and form numerous intergrades 
of varying soil texture and horizon depth; they cannot be mapped separately at the 
scale of this survey. 
Cullen soils generally display a gradual increase in clay content with depth and share 
intergrades with Pago sand, loamy phase. Cullen soils are usually classified as 
Yellow loamy earths or Brown loamy earths; less commonly they are classified as 
Yellow/brown deep sandy duplex. 
Yellow or Brown loamy earths 
Cullen soils have dark greyish brown topsoils over light yellowish brown or brown 
loamy sand to clayey sand lower topsoils. Yellowish brown to strong brown clayey 
sand to sandy loam occurs at about 40cm, with brownish yellow, light sandy clay 
loam or sandy clay loam usually encountered within 150cm. Lower subsoils usually 
have red-brown mottles and ferruginous segregations. Soil profiles appear to be 
moderately well-drained, with saturated layers not encountered within 150cm during 
the dry season. Cullen soils with sandier textures are similar to Pago soils but can be 
distinguished from them as they have shallower loamy subsoils that contain more 
ferruginous segregations. 
Cullen soils are classified as Yellow or Brown loamy earths (Schoknecht & Pathan 
2012) and Mottled Mesotrophic Yellow Kandosols or Mottled Mesotrophic Brown 
Kandosols (Isbell 2002). 
Elliot family soils are similar in colour to Cullen soils but are distinguished on the 
basis of their finer soil texture and clearer topsoil–subsoil boundaries, so that many 
Elliot soils are classified as duplex. 
Yellow/brown deep loamy duplex and Yellow/brown shallow loamy duplex 
Elliot topsoils are dark brown sandy loam overlying brown or dark yellowish brown 
sandy loam to light sandy clay loam. Yellowish brown, mottled sandy clay loam or 
sandy clay is encountered within 100cm. 
Topsoil has a massive to weak subangular blocky structure while subsoils have a 
massive structure. 
Elliot soils are classified as Yellow/brown deep loamy duplex (Schoknecht & Pathan 
2012) and Mottled Mesotrophic Yellow or Brown Chromosols (Isbell 2002). 
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Cullen and Elliot soils are moderately well-drained to imperfectly drained soils with 
low potential for agricultural development. 
3.1.5 Packsaddle family 
Packsaddle soils are red loamy earths and shallow to moderately deep, loamy red 
duplex soils that occur on relic floodplains, often bordering the areas of Cockatoo or 
Pago soils and the cracking clays of the floodplains. The name is adopted from 
Stoneman (1972) as red loamy earths and duplex soils in the Victoria Highway and 
Carlton Hill areas have similar soil profile morphology and soil chemistry to the red 
soils occurring on the Packsaddle Plain. Earlier soil surveys describe red soils of the 
floodplains. For example, Dixon & Holman (1980) refer to this soil as ‘red loamy 
soils’; Burvill (1991) refers to red soils occurring between red levee soils and the 
cracking clays as the Meruin family, while Aldrick et al. (1990) grouped red clay loam 
and red clay soils on the Ivanhoe Plain into the Weaber family. However, their 
descriptions are less definite. Data from this survey indicates Packsaddle soils are 
also similar to the Tippera limestone soils of the Katherine–Darwin region (Stewart 
1956). Significant areas of Packsaddle soils were encountered in the Victoria 
Highway and Carlton Hill areas, adjacent to limestone outcrops belonging to either 
the Ningbing group or Burt Range limestones (Figures 1.2 and 1.3). 
Topsoils are dark reddish brown, clayey fine sands or loams overlying red-brown 
sandy clay loam to light clay occurring at 10–40cm. The boundary between topsoil 
and clay loam or clay subsoil is clear to gradual. The range of textures and depths 
encountered during the survey incorporates shallow to moderately deep duplex and 
gradational soils. In the Carlton Hill area sandstone or calcareous sandstone is 
commonly encountered from 150 to over 200cm. In the Victoria Highway area, soils 
are shallower with calcareous sandstone usually occurring within 100cm. 
In micro-depressions that become seasonally inundated, a thin bleached layer of 
opaline silica was occasionally encountered above the subsoil horizon. This layer, 
once cultivated, develops a ‘bulldust’ consistency. Furthermore, after wetting topsoils 
are sticky and thixotropic, while on drying, topsoils become hardsetting with a brittle 
consistency, which Stoneman (1972) suggested would be difficult to prepare for 
planting. 
The Packsaddle soils encountered generally have a massive structure with an earthy 
fabric, although a weak angular blocky or granular structure may be apparent when 
the soil profile is moderately moist. Internal drainage is generally moderately well-
drained, apart from low-lying areas where the presence of opaline silica indicates 
imperfect drainage. 
Given their landscape position, Packsaddle soils are likely to be seasonally 
inundated during the wet season, although they are comparatively better drained 
than Cullen or Elliot soils. Recent watertable data (2013–14 wet season) indicates 
that the underlying limestone aquifer is highly conductive (D Bennett 2013, pers. 
comm., 13 June), which supports the statement by Jenny (1980) that red subsoil 
colours generally indicate good drainage and soil aeration. 
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Packsaddle soils within the survey area are classified as Red shallow loamy duplex, 
Red deep loamy duplex or Red loamy earth (Schoknecht & Pathan 2012) and Haplic 
Mesotrophic Red Chromosols or Haplic Mesotrophic Red Kandosols (Isbell 2002). 
Note: the Western Australian Soil Group classification designates ‘shallow duplex’ to 
soils that have a clear textural boundary at less than 30cm, while deep duplex soils 
have a textural boundary between 30 and 80cm. Packsaddle soils have a textural 
boundary at 10–40cm, which suggests most duplex soils (Haplic Mesotrophic Red 
Chromosols) would be classified as shallow. Packsaddle soils that have been 
classified as Red loamy earth (Haplic Mesotrophic Red Kandosols) are distinguished 
from duplex soils by having a gradual or diffuse textural boundary. 
The Packsaddle soils in the Carlton Hill area appear more uniform in soil distribution 
and vegetation structure than the Packsaddle soil in the Victoria Highway area. In this 
latter area, Packsaddle soils are relatively shallow, include outcrops of limestone and 
occur in a complex (i.e. could not be mapped as separate soil map units) with Cullen 
and poorly drained Elliot soils. Therefore, in the Victoria Highway area, soil 
complexity, surface drainage and its impact on soil cultivation and trafficability are 
limitations that would preclude areas of Packsaddle soils from most forms of irrigated 
agriculture except fodder cropping. 
3.3 Depth to bedrock and associated soils 
Sandstone bedrock is rarely encountered within 200cm in either the Victoria Highway 
or Carlton Hill areas and bedrock is commonly deeper than 5m in the latter area 
(Figure 3.5 and Figure 3.6). The depth of sandstone bedrock is generally not a 
limitation to agriculture in itself; however, the permeability of this underlying 
sandstone has had influence on soil drainage, which is expressed by variability in soil 
colour — red for well-drained, yellow-grey for poorly drained — accumulation or 
formation of clay and development of ferruginous gravels (Jenny 1980). 
Two significant areas of rock outcrop are mapped within the Carlton Hill area: soil 
map units CS+R and R+PG. These soil map units have a low capability for 
agricultural development as they contain about 40% rock outcrop and large areas of 
land with greater than 2% slope. 
In areas of Cockatoo Sands on sloping terrain, soils associated with rock outcrop 
usually contain more Red deep sand and Red loamy earths are rare. This pattern 
may be the result of soils being developed from relatively young sediments or soils 
being subject to more leaching through vertical and lateral drainage. Leached or 
paler sands (Cajuput and Pago soils) are associated with areas of shallow rock 
particularly on level terrain or in flow lines. 
Limestone bedrock is encountered at about 200cm under Packsaddle soils in the 
Carlton Hill area, while in the Victoria Highway area, it outcrops and is usually 
encountered within 100cm. Limestone bedrock in both areas is highly permeable (D 
Bennett 2013, pers. comm., 13 June). The permeable alkaline limestone is likely to 
have promoted and led to the development of red, fine-textured soils. It is possible 
that the soil complexity in areas of Packsaddle soils in the Victoria Highway area is 
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because of the occurrence of limestone and less permeable sandstone substrates 
(i.e. well-drained red soils are associated with limestone, while poorly drained duplex 
soils occur on shallow sandstones in seasonally wet depressions). 
 
Figure 3.5 Depth to bedrock in the Victoria Highway area 
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Figure 3.6 Depth to bedrock in the Carlton Hill area  
21 
Cockatoo Sands: land capability assessment  
3.4 Depth to watertable 
Figure 3.7 and Figure 3.8 show the depth to watertable during the survey (May to 
July 2012). Watertables were commonly encountered within 250cm in Pago soils and 
within 200cm adjacent to the break of slope or flow lines. In contrast, watertables 
were rarely encountered within 400cm in Cockatoo Sands. 
It is likely that at the time of the survey, watertables had receded from their maximum 
wet season level and probably continued to recede as the dry season progressed. 
Also, the 2010–11 wet season was above average — 1278mm from December to 
April at the Kununurra Airport. 
 
Figure 3.7 Depth to watertable in the Victoria Highway area 
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Figure 3.8 Depth to watertable in the Carlton Hill area 
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3.5 Land slope 
Figure 3.9 and Figure 3.10 show the landscape complexity and slope across the soil 
map units (see Chapter 4). Areas of Cockatoo Sands have slopes ranging from 0 to 
2% with some steeper areas bordering rock outcrop or along soil boundaries. Most 
areas of Pago and Packsaddle soils have slopes less than 2%. 
 
Figure 3.9 Slope class and soil map units in the Victoria Highway area 
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Figure 3.10 Slope class and soil map units in the Carlton Hill area 
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4 Soil map units 
The extent of the various soil map units identified during the survey are shown in 
Figure 3.9 and Figure 3.10. 
The soil map units represent the dominant soil or an association of soils that 
distinguish the delineated area. For example, the Cockatoo sand, normal phase (CS) 
soil map unit mainly comprises sandy earths and sands belonging to the Cockatoo 
family but could may also contain minor or secondary associated soils (Pago soil) 
and inclusions of rock outcrop. 
The soil map units and component soil groups are adapted from Schoknecht and 
Pathan (2012). They are briefly described along with the relative percentage 
components of the various soil types. 
4.1 Cockatoo sand, normal phase (CS) 
Areas of Cockatoo sand, normal phase are associated with slopes ranging from 0 to 
2%. The soils are predominantly sandy earths with sandy loam subsoils within 
150cm. Deep sands with uniform loamy sand or clayey sand profiles are also 
included. Soil profiles are very deep with bedrock not usually within 400cm. 
Soil components: 
• Cockatoo soil types: Red sandy earth 75%; Red deep sand 5%; Red loamy earth 
5% 
• Pago soil types: Brown deep sand 5%; Brown deep sand (fair sand, effective 
duplex) 5% 
• May also include: Sandy gravels and rock outcrop 5%. 
4.2 Cockatoo sand, loamy phase (CSL) 
This soil map unit is associated with lower slopes and low rises with slopes 
commonly less than 1%. The soils are predominantly red sandy earths with sandy 
loam to light sandy clay loam subsoil horizons within 100cm. The areas are well-
drained and seasonal watertables are not usually within 300cm. 
Soil components: 
• Cockatoo soil types: Red sandy earth 40%; Red loamy earth 40% 
• Pago soil types: Brown deep sand (fair sand, effective duplex) 15%; Brown deep 
sand 5%. 
4.3 Cockatoo sand, normal phase + rock outcrop (CS+R) 
This soil map unit is associated with crest and upper slopes and contains sandstone 
outcrops. Soils are predominantly red sandy earths with loamy sand to clayey sand 
topsoil texture. Bedrock rock is likely to be within 400cm. 
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Soil components: 
• Cockatoo soil type: Red sandy earth 40%; Red deep sand 15% 
• Rock outcrop 40% 
• Pago soil type: Brown deep sand 5%. 
4.4 Packsaddle (PSL) 
This soil map unit occurs in the Carlton Hill area and is associated with relict alluvial 
floodplains that have grades of less than 1%. The soils are red shallow to moderately 
deep loamy duplex soils and red loamy earths that are moderately well-drained to 
imperfectly drained. Minor associated soils include Pago sand, loamy phase plus 
Cullen and Elliot soils that are typically yellow and brown loams and shallow to deep 
yellow-brown duplex soils. Poorly drained areas also include sandy and loamy duplex 
soils that contain bog-iron ore segregations above a mottled clay subsoil horizon. 
Soil components: 
• Packsaddle soil types: Red loamy earth 15%; Red shallow loamy duplex 50%; 
Red deep loamy duplex 15% 
• Cullen soil types: Yellow-brown loamy earth 10% 
• Elliot soil types: Yellow-brown shallow loamy duplex 5% 
• Other soils: Yellow-brown deep sandy duplex (gravelly subsoil) 5%. 
4.5 Packsaddle and sandy duplex (PSL+SD) 
This soil map unit occurs in the Victoria Highway area and is associated with relict 
alluvial floodplains that have slopes of less than 1%. The soils are red loamy duplex, 
red loamy earths (Packsaddle soil types) and shallow to moderately deep sandy 
duplex and gradational soils that occur as a soil complex (i.e. moderately well-
drained). Packsaddle soil types on very low rises that often contain sporadic outcrops 
of limestone with imperfectly drained to poorly drained yellow-brown duplex and 
gradational soils are associated with flats and open depressions. The difference in 
relief between areas of Packsaddle soil types and yellow-brown soils is less than one 
metre. Minor associated soils include Pago sand, loamy phase, plus Cullen and Elliot 
soils that are typically shallow to deep yellow-brown duplex soils. Poorly drained 
areas also include duplex soils that contain bog-iron ore segregations above a 
mottled clay subsoil horizon. 
Soil components: 
• Packsaddle soil types: Red loamy earth 15%; Red shallow loamy duplex 30%; 
Red deep loamy duplex 15% 
• Cullen soil type: Yellow-brown loamy earth 15% 
• Elliot soil type: Yellow-brown shallow loamy duplex 15% 
• Other soils: Yellow-brown deep sandy duplex (mottled, poor subsoil) 10%. 
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4.6 Pago sand, normal phase (PG) 
Pago sand, sandy phase is usually associated with low gradient terrain including 
footslopes and low sandy rises with slopes less than 1%. The soils are typically deep 
brown loamy sands to clayey sands with seasonal watertables within 400cm during 
the survey (Figure 3.7 and Figure 3.8). 
Soil components: 
• Pago soil types: Brown deep sand 50%; Brown deep sand (fair sand, effective 
duplex) 25% 
• Cockatoo soil type: Red deep sand 15% 
• Cajuput soil type: Pale deep sand 8% 
• Cullen soil types: Yellow or Brown loamy earths 2%. 
4.7 Pago sand, loamy phase (PGL) 
This soil map unit is situated along flow lines or very gently (less than 1%) inclined 
footslopes between areas of Cockatoo, Pago sand, normal phase and Packsaddle 
soil map units. The soil map unit includes Pago and Cullen soils and associated 
intergrades that have brown sandy loam subsoils within 100cm; strong brown or 
yellowish brown mottled sand clay loam is usually encountered within 120cm. During 
the survey a watertable was often within 300cm. 
Soil components: 
• Pago soil types: Brown deep sand (fair sand, effective duplex) 80%; Brown deep 
sand 10% 
• Cullen soil types: Yellow or brown loamy earths 5% 
• Elliot soil types: Yellow-brown deep loamy duplex 5%. 
4.8 Rock outcrop + Pago sand, normal phase (R+PG) 
This minor soil map unit is situated in the mid-slope and is associated with sandstone 
outcrop. Soils are Pago soil types with loamy sand texture. Included are Cockatoo 
soils and pale sands similar to Cajuput. Sandstone bedrock is likely to occur within 
300cm. 
Soil components: 
• Rock outcrop 40% 
• Pago soil type: Brown deep sand 40% 
• Cockatoo soil type: Red deep sand 15% 
• Cajuput soil type: Pale deep sand 5%. 
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5 Vegetation associations 
Vegetation associated with Cockatoo and Pago soils is typically open to very open 
woodland dominated by Eucalyptus and/or Corymbia species (Figure 5.1 and Figure 
5.2). Dixon and Petheram (1979) conclude that the presence or absence of individual 
plant species has no value in the assessment of soil or land type, but the occurrence 
of a combination or association of plant species, plant structure and density provides 
a better indication of soil type and soil drainage. We also found it difficult to correlate 
vegetation with soil where changes in species composition, structure and density 
within a vegetation community is modified by frequent fire. 
While Dixon and Petheram’s conclusion is generally supported, this study identified 
some plant species that appear to be reasonable indicators of soil properties. 
Melaleuca viridiflora is a good indicator of watertables being present within 200cm of 
the surface (at the time of the surveys). Also, the scattered occurrence (density of 
about one tree every 1000m2) of M. viridiflora distinguished the Pago soils (soil soil 
map units PG and PGL) from the better drained Cockatoo Sands. The other species, 
Platyzoma microphyllum (braid fern), is a good indicator of a shallow watertable (less 
than 250cm at the time of survey) underlying Pago soils. 
General soil–vegetation associations described in the survey area are listed below. 
 
Figure 5.1 Eucalyptus tetradonta woodland on Cockatoo sand, loamy phase soil map 
unit 
Cockatoo Sands 
Cockatoo Sands support Eucalyptus tetradonta, E. miniata, Erythrophleum 
chlorostachys (ironwood), Acacia tumida, A. platycarpa, Grevillea agrifolia, 
G. pteridifolia and Owenia vernicosa associations. An open woodland vegetation 
structure or woodland with E. tetradonta as the dominant emergent species generally 
indicates Cockatoo Sands. 
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E. tetradonta either forms pure stands or is in association with E. miniata. E. miniata 
rarely occurred as the dominant species or in pure stands. E. miniata or Grevillea 
species are more common in areas where ironstone gravel substrates are 
encountered (Cockatoo sand, gravelly phase). 
Also, areas having clay loam subsoils (Cockatoo sand, loamy phase) are often 
indicated by Brachychiton tuberculatus (large leaf kurrajong) in the understorey of E. 
tetradonta woodland. 
Pago soils 
Pago soils can carry a similar vegetation structure and species composition to 
Cockatoo Sands, although woodlands on Pago soils tend to be more open (Figure 
5.2). 
E. tetradonta, while present, is not always the dominant tree species. It often forms 
an association with Corymbia foelscheana (smooth bark bloodwood), C. ferruginea or 
E. confertifolia, while E. miniata and Erythrophleum chlorostachys (ironwood) may 
also be present. 
 
Figure 5.2 Very open woodland on Pago sand, loamy phase with Corymbia 
foelscheana in the foreground 
Soils that appear most prone to waterlogging — watertables within 200cm during the 
survey — rarely carry E. tetradonta or E. miniata, with common emergent species 
being C. ferruginea, E. confertifolia, C. foelscheana (smooth bark bloodwood) and E. 
polycarpa. The main understorey species associated with waterlogging-prone Pago 
Sands are M. viridiflora in association with Platyzoma microphyllum (braid fern) and 
Blumea species. Clumps of Pandanus species may also occur within this association; 
however, this plant also occurs sporadically on other soils including Cockatoo Sands. 
Packsaddle and texture-contrast soils 
Packsaddle soil types usually carry very open woodland dominated by E. tectifica 
with an understorey of Themeda australis (Figure 5.3). Brachychiton tuberculatus 
(large leaf kurrajong), Erythrophleum chlorostachys (ironwood), C. foelscheana and 
G. striata (beefwood) are also encountered on Packsaddle soils but are not common. 
Duplex soils and soils with clay subsoils within 200cm are generally prone to 
seasonal waterlogging. These soil types, including Cullen and Elliot soils, usually 
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support very open to open woodland with the emergent species having a lower 
stature relative to Cockatoo or Pago plant communities. 
Common species on texture-contrast soils include E. bigalerita, E. obconica, E. 
tectifica, E. pruinosa, E. grandiflora, E. confertifolia, M. minutifolia, M. viridiflora, 
Hakea lorea and G. striata (beefwood). 
 
Figure 5.3 Eucalyptus tectifica and Themeda australis association on Packsaddle 
soils  
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6 Soil profile analysis 
Twenty-one soil profiles, representing the common soils, were sampled for chemical 
and physical analyses. Table 6.1 contains a summary of selected analyses and 
Appendix A provides a full description of each soil profile. An overview of the soil 
chemical and physical properties is provided below. 
6.1 Soil organic carbon (SOC) 
The sands and sandy earth textured soils (Cockatoo and Pago soils) contain very low 
levels of SOC. Topsoil horizons (0–10cm) contain less than 0.5% SOC and lower 
topsoils contain 0.15–0.2%; subsoils usually have 0.1%. Packsaddle soils contain 
slightly higher levels of SOC throughout the soil profile with about 0.8% within the 
topsoil horizon. 
6.2 Soil electrical conductivity (EC) 
All soils had low EC values. Cockatoo and Pago soils usually have EC values of less 
than 1mS/m within the upper 200cm of the soil profile, while deep subsoils may reach 
2–10mS/m. 
Inherent soil salinity (greater than 50mS/m) was only encountered within swampy 
areas and drainage lines at elevations less than 60mAHD. These saline drainage 
lines are linked to the Maxwell Plain, which is south-west of the Victoria Highway 
(Figure 1.2). 
6.3 Exchangeable basic cations 
Exchangeable basic cation values are inherently low in Cockatoo Sands and Pago 
soils (sandy earths) with slightly higher values associated with loamy earths (Table 
6.1). Coarse to medium textured topsoil horizons of Packsaddle soils have 
correspondingly low to moderate exchangeable cations. 
Table 6.1 also contains results from the sampling of Cockatoo Sands and Pago soils 
that have been under horticulture production for the past 15 years, where productivity 
has been maintained on Cockatoo Sands and productivity has declined on the Pago 
soils. Exchangeable cations and nutrient levels had not changed significantly on the 
Cockatoo Sands (‘Cockatoo sand, normal phase, 15+ years agriculture’ in Table 6.1). 
However, a high proportion of exchangeable sodium (equivalent to an exchangeable 
sodium percentage [ESP] greater than 25%) was found in cultivated Pago soil (‘Pago 
sand, normal phase, wet,15+ years agriculture’ in Table 6.1) where they are subject 
to seasonal waterlogging (watertable within 100cm in the dry season). It is likely that 
evaporation and capillary rise of salts has caused the high proportion of 
exchangeable sodium. Furthermore, high levels of phosphorus and potassium on 
these Pago soils are probably a result of productivity decline (i.e. crops’ inability to 
take up plant nutrients at high salt concentrations). 
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0–10 3.6 6.2 2.6 <2 33 1.00 0.35 0.09 0.01 







0–10 No data 6.8 18 17 99 0.81 0.19 0.24 <0.01 




0–10 2.8 6.5 2.0 <2 44 1.48 0.42 0.11 <0.01 





0–10 2.1 5.9 3.0 <2 38 0.76 0.22 0.10 <0.01 






0–10 No data 8.8 No data 90 270 4.71 1.13 0.69 2.12 






0–10 No data 6.7 1.0 <2 175 1.75 0.44 0.20 0.01 
10–30 No data 6.7 1.0 <2 179 1.77 0.54 0.18 0.01 
* Abbreviations within the table are: PRI – phosphorus retention index; N – nitrogen; Ca – 
calcium; Mg – magnesium; Na – sodium 
6.4 Soil pH 
Cockatoo and Pago soils have a neutral soil reaction trend (Northcote 1979) where 
soil pH is acid to slightly acid within the topsoil and slightly acid to neutral in the 
subsoil (pH in the range of 5.5 to 6.9), which indicates plant nutrients are readily 
available. Cullen, Elliot and other duplex or gradational soils also have a similar pH 
trend, although occasionally alkaline subsoils were encountered. 
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Packsaddle topsoil horizons are usually slightly acid while subsoils are slightly acid to 
neutral. Subsoils become progressively alkaline with depth (pH 6.5 to 7.5) and 
alkaline horizons are usually associated with the presence of pedogenic lime or 
limestone bedrock. 
6.5 Soil nutrients and nutrient retention 
The uncleared areas of Cockatoo sand, normal phase and Pago sand, normal phase 
soils contain inherently low nitrogen and phosphorus levels, while Cockatoo sand, 
loamy phase contain low to medium levels (Moore 1998) of potassium within subsoil 
horizons (Table 6.1). 
Soil phosphorus retention index (PRI) values indicate the soil’s capacity to fix 
phosphorus and the clay and iron content increase with depth (Table 6.1 and deep 
soil profiles in Appendix A). Topsoils (0–40cm) have low PRI values and the PRI 
values in the subsoil are classified as moderate to high (Moore 1998). 
6.6 Soil particle size 
Clay content in Cockatoo sand, normal phase generally increases with depth (Figure 
6.1). These soils usually have loamy sand to clayey sand topsoil textures 
corresponding to a clay content of 5–12%. Clay content within the subsoil ranges 
from 8 to 35% clay. Limited soil particle analysis of Pago soil profiles indicates a 
similar trend in clay content within the soil profile. 
The fine sand fraction is commonly 10–20% for both Cockatoo and Pago soil types. 
Packsaddle soils have a clear or gradual texture change, usually having a 10–30% 
increase in clay content within a depth of 60cm. 
 
Figure 6.1 Relationship between clay content and soil depth for Cockatoo Sands 
 
y = 0.0581x + 7.8338 



















Soil profile depth (cm) 
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6.7 Clay mineralogy 
Clay mineralogy for Cockatoo and Cullen soil profiles are listed in Appendix A (see 
sites ID 329 and 519). Kaolinite and quartz are present in both soils, with hematite 
and rutile only occurring in the Cockatoo soil sample. Mineralogical analysis 
conducted by Isbell (1986) for Packsaddle soil also indicates that kaolinite is the 
dominant clay mineral with minor quartz, hematite, goethite, rutile and muscovite. 
6.8 Hydraulic properties 
Field saturated hydraulic conductivity (Ks) tests were carried out on Cockatoo topsoil 
and subsoil horizons (sites 301, 304, 367, 477 and 553) and Cullen subsoil horizons 
(site 329); mean Ks values are listed in Table 6.2. Undisturbed loamy sand to clayey 
sand topsoil horizons had Ks values ranging from 1 to 1.9 metres per day (m/d). Very 
high Ks values can be attributed to preferred pathways, such as faunal tunnels and 
intact root systems. Infiltration tests carried out on puddled (disturbed, Table 6.2) 
Cockatoo soils, to simulate infiltration rates after cultivation and removal of preferred 
pathways, indicate Ks values would be reduced on cultivated soils. However, 
infiltration rates are within the range for sand and loamy soils (McDonald et al. 1998). 
Table 6.2 Mean field saturated hydraulic conductivity for Cockatoo and Cullen soils 
Soil type 
Mean Ks in undisturbed 
soil (m/d) 
Mean Ks in disturbed 
soil (m/d) 
Cockatoo topsoil (loamy sand 
to clayey sand) 
1.4 0.7 
Cockatoo subsoil (sandy loam) 0.9 0.3 
Cullen subsoil (sandy loam) 0.9  
Table 6.3 lists estimates of available water capacity (AWC) for the dominant soil 
types within the soil map units (excluding rocky units). Estimated AWC was 
determined from soil horizon texture (Moore 1998, Wetherby 1999) and it is the 
difference between field capacity (FC) and permanent wilting point (PWP), expressed 
in mm/10cm increments. 
Field measurements of AWC were also determined by gravimetric methods (Moore 
1998) for five Cockatoo topsoils (0–30cm). AWC values for these loamy sand 
horizons range between 30 and 60mm/m, assuming an average bulk density of 1.5, 
and PWP is approximately half of the FC. 
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0–10 5 5 5 5 11 
10–20 5 8 5 5 11 
20–30 8 8 5 6 12 
30–40 9 10 7 8 14 
40–50 9 10 7 8 15 
50–60 10 11 7 8 15 
60–70 10 11 8 10 15 
70–80 10 12 8 10 15 
80–90 11 12 10 10 15 
90–100 11 12 10 10 15 
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7 Land capability for agriculture 
Land capability for agriculture refers to the ability of the land to support agricultural 
activities that are applied at current best practice without causing degradation to the 
soil, land, air and water resources. Failing to manage land according to its capability 
risks degradation of on-site and off-site resources, which may lead to a decline in 
natural ecosystem values, agricultural productivity, supporting industries and 
communities. 
Land capability assessment considers the specific agricultural requirements of soil 
depth, soil water-holding capacity and the risk of degradation associated with 
establishing various agricultural activities, such as annual cropping, annual 
horticulture, perennial horticulture including timber products, and their long-term 
management. 
Annual horticulture production is the most intensive agricultural industry with respect 
to operational management and the effect on land and water resources. It is 
generally the most profitable irrigated land use option and it is assumed that annual 
horticulture will be the primary land use undertaken on Cockatoo Sands. 
The assumptions for annual horticulture are: 
• crops are grown for commercial production 
• crops are mainly shallow-rooted, with most roots using water in the top 30cm of 
the soil 
• crops are irrigated using trickle, sprinkler or centre pivot systems 
• mechanised cultivation is required biannually 
• fertilisers, herbicides, fungicides and/or pesticides are applied 
• only physical requirements are considered; socioeconomic factors are ignored. 
Perennial horticulture, tree products and fodder cropping have some development 
and management considerations similar to those of annual horticulture, although 
there are some differences: 
• plants are deep-rooted, with roots typically extending to depths of more than 
100cm which allows for more efficient use of water and nutrients. In addition, there 
is usually more standing biomass compared to many annual horticulture crops 
• mechanised cultivation occurs only during crop establishment and therefore there 
is less risk of water erosion, except during the establishment phase 
• machinery access for spraying, weed-slashing, pruning and/or harvesting is less 
frequent for tree and fodder crops. 
Land capability is best determined from local grower experience, together with field 
observation and understanding of local climate, landform and soil factors. If local 
agricultural knowledge is unavailable, information could be sought by developing pilot 
projects or by reviewing horticulture developments on similar soils that occur 
elsewhere but within similar climatic regimes (Landon 1991). 
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Existing knowledge of the development of Cockatoo Sands and associated soils in 
the Kununurra area is based on local grower experience from several small-scale 
horticulture developments that have been in operation for the past 10 to 30 years 
within the ORIA and on Pindan soils of the West Kimberley. 
A review of Pindan soils by Kew (2008), combined with soil assessments that are 
currently being undertaken through DAFWA’s La Grange Agriculture Opportunities 
project indicate that Cockatoo and Pindan sandy earths and loamy earths share very 
similar soil profile morphology and soil physical and chemical characteristics. Also, 
the Cockatoo Sands at Kununurra are similar to the Cockatoo and Blain soils 
occurring within the Katherine and Douglas–Daly regions of the Northern Territory 
(Stewart 1956, Aldrick & Robinson 1972, Smith & Hill 2011). The frequent and 
reliable wet season rainfall within the Douglas–Daly region allows growers to carry 
out rain-fed cover-cropping during the wet season. This practice provides an 
economic advantage and reduces the risk of water erosion. In contrast, wet season 
rainfall within the Kununurra region is less reliable and therefore wet season cropping 
on Cockatoo Sands is likely to require supplementary irrigation during some periods. 
Land qualities and characteristics that determine the agricultural capability of 
Cockatoo Sands and other soils in this investigation are: 
• site drainage potential 
• water erosion 
• nutrient availability 
• nutrient export 
• soil workability 
• salinity hazard. 
Site drainage potential and water erosion are considered to be the most important 
land qualities in regard to potential impact on sustainable agricultural development. 
7.1 Site drainage potential 
Cockatoo Sands are generally well-drained, allowing more year-round agricultural 
production. Their general property of having a uniform red soil colour throughout the 
soil profile is usually indicative of high temperature, good aeration and well-drained 
environments (Jenny 1980). Observations (S Smythe 2009, pers. comm., 8 June) 
from existing horticulture enterprises on Cockatoo Sands near Kununurra indicate all 
Cockatoo soils are well-drained under sprinkler or drip irrigation. After 15 years of 
cropping on these soils, watertables have not been observed shallower than 200cm. 
Site drainage has not been reported to be a significant limitation on similar red sandy 
earths (Pindan soils of the West Kimberley) or red loamy earths (Blain soils of the 
Northern Territory). Shallow watertables have only been observed at these sites in 
areas that were wet prior to development, such as along flow lines or in pre-existing 
swamps. In the Kununurra area, such areas usually contain atypical Cockatoo soils, 
such as Cockatoo–Pago intergrade soils or inclusions of Cullen and Elliot soils that 
have clay substrates. 
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Deeper drilling on land developed for horticulture and in uncleared areas intersected 
perched watertables between 50 and 300cm in Pago and Cajuput soils. In contrast, 
areas of Cockatoo Sands that are close by (within 100–200m) and at a similar 
elevation were freely drained on the developed land. We conclude that areas of 
restricted internal drainage are likely to be associated with more impervious 
sandstone substrates. These may also be a prerequisite to the development of iron–
siliceous hardpans and to the formation or accumulation of clay. 
Site drainage is therefore unlikely to limit agricultural development on Cockatoo 
Sands, apart from areas associated with minor drainage depressions or flow lines. In 
contrast, in uncleared areas of Pago soil, watertables are commonly encountered 
within 250cm depth, even during the dry season. Pago soils around Kununurra that 
have been under annual horticulture for several years regularly have shallow (within 
100cm) watertables during the dry season. This feature has resulted in extensive 
subsoil drainage systems being installed to manage watertables and maintain 
horticultural production. 
Intensive annual agricultural development on most areas of Pago soil is therefore 
likely to induce a rise in watertables, with the associated increased risk of secondary 
salinisation (see Chapter 7.6). The magnitude of these risks depends on several 
chemical and physical soil properties, most importantly the soils’ hydraulic 
conductivity and the pre-existing depth to the watertable. These factors appear to 
vary widely, even over short distances, in uncleared and developed areas of Pago 
soil and around Kununurra. 
While the subsoil drains have been partially effective in managing the watertable 
within localised areas, soil drainage is unlikely to be economically viable or practical 
under large-scale agricultural development. In these circumstances, maintaining the 
effectiveness of subsoil drainage and the safe disposal of drainage water containing 
fertiliser leachates would add significant costs to production. 
Pago soils are better suited to perennial horticulture, tree crops (e.g. mango, guava, 
lychee) or perhaps fodder cropping (e.g. sorghum, maize) under reduced and 
carefully managed water application. 
Packsaddle soils are classified as being moderately well-drained to imperfectly 
drained. As many Packsaddle soils have a duplex profile, a low gradient and lower 
position in the landscape, they are subject to seasonal waterlogging and inundation. 
Packsaddle soils (soil map unit PSL) in the Carlton Hill area are deep and uniform 
over large areas. These soils had moderately moist to dry soil profiles, after early wet 
season rains, during the January 2014 soil survey. In comparison, Packsaddle soils 
occurring in association with sandy duplex soils (soil map unit PSL+SD) in the 
Victoria Highway area are shallow and contain rock outcrop, and soil profiles were 
moist in January 2014 while some sandy duplex profiles were saturated above the 
clay layer. These observations suggest soil drainage is likely to be a major limitation 
for irrigated agriculture in the Victoria Highway area. 
Local grower experience (C Robinson 2014, pers. comm., 10 April) indicates that 
duplex soil profiles are prone to water erosion, and compaction layers or traffic pans 
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can form after development, which exacerbates topsoil saturation and the risk of 
topsoil erosion. 
Although Packsaddle soils in the Carlton Hill area have some risk of waterlogging 
and inundation and may not be suitable for wet season intensive cropping, these 
soils are relatively better drained (provided topsoils are not eroded) than the cracking 
clay soils currently developed within the ORIA. Therefore, it is likely that Packsaddle 
soils in the Carlton Hill area could be cultivated sooner after the wet season. 
The PSL+SD soil map unit in the Victoria Highway area has soil drainage limitations 
that are not easily overcome. Although Packsaddle soils have a fair capability for 
irrigated agriculture, developing the PSL+SD soil map unit area is not recommended 
considering the variability of the soils, shallow depth to bedrock and close proximity 
to wetlands. 
Cullen and Elliot soils are associated with open depressions and flow lines within 
areas of Cockatoo, Pago and Packsaddle soils. Cullen and Elliot soils are more 
prone to periodic waterlogging and inundation during the wet season. Their internal 
drainage capacity is variable, ranging from moderately well to imperfectly drained. 
While Cullen and Elliot soils are not extensive in the survey areas, their poorer 
drainage characteristics are likely to hinder access and exacerbate water erosion if 
these soils are incorporated into horticulture blocks. 
Pago, Cajuput, Cullen and Elliot soils are currently not recommended for 
development because further monitoring is required to determine the range of 
seasonal dynamics of the groundwater in these sandy, wet soils. 
While detailed, temporal examination of watertable responses under wet season 
conditions is not the focus of this report, extensive additional investigations are being 
undertaken within the survey areas. About 40 shallow bores were installed and 
equipped with dataloggers in 2012. These are being used to measure the watertable 
fluctuations over two wet seasons. Reporting of this data and the derived risk of 
waterlogging is expected to be completed in late 2014. 
7.2 Water erosion 
Water erosion is a major management consideration for all cultivated soils in the 
Kununurra region because of the regular, high intensity rainfall events during the wet 
season. 
The Cockatoo and Pago soils have single-grained, loose topsoils and massive 
subsoils that readily slake. Soils with these properties, once saturated through 
intense rainfall, are vulnerable to sheet, rill and gully erosion. Rill and gully erosion is 
evident even under native vegetation and fence tracks are often severely eroded 
when positioned across the contour, particularly in areas with slopes greater than 
2%. Most shallow soils and large areas of greater than 2% slope were excluded from 
the survey because of the inherently high risk of soil erosion and difficulty in 
implementing sustainable horticulture within these areas. 
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However, there are some minor areas within the survey area that have slopes of 2-
3% (Figure 3.9 and Figure 3.10). These areas can still be safely developed provided 
soil conservation strategies are implemented. In particular, selecting perennial crops, 
grade banks or vegetation strips — natural or planted, such as strip cropping, 
combined with planting and maintenance of vetiver grass or sorghum strips on the 
contour — will be required on slopes greater than 1%. Longer term strategies, such 
as minimum tillage, incorporation of green manure crops and stubble retention, are 
other options that have been successfully used to mitigate soil loss in annual 
horticulture systems (Dilshad et al. 1996, O’Gara 2010). 
Note: water erosion is a major limitation within the rocky areas (soil map units CS+R 
and R+PG). These units contain significant areas with slopes greater than 2% and 
run-off from rock outcrops would also exacerbate water erosion. These units are 
unsuitable for agricultural development. 
Visual evidence obtained during the survey indicates that deep wheel ruts and 
erosion gullies occurring on Pago soils can be severe, even on low slopes. This can 
be attributed to the development of shallow watertables within the sand profile during 
the wet season, over relatively less permeable sandstone or clay substrates that 
occur within 300cm. 
The risk of soil erosion is very high on Cullen and Elliot soils as these areas have 
shallow watertables, generally receive run-on and have sand or sandy loam topsoils 
that can develop persistent perched watertables above their clayey substrates. 
Areas of Packsaddle soils are less prone to soil erosion as they occur in low gradient 
landscapes. Nevertheless, because these areas can also receive run-on, minimum 
tillage and stubble retention management techniques are recommended to minimise 
erosion. 
7.3 Nutrient availability 
Cockatoo and Pago soils in the survey area have inherently very low nutrient status, 
which can be attributed to them having low clay contents, very low SOC and a clay 
mineralogy dominated by kaolinite and quartz (Appendix A: sites 329 and 519). 
These soil characteristics are indicative of low cation exchange capacity and low soil 
pH buffering capacity, factors that can lead to a rapid change in soil pH and 
subsequent soil nutrient availability. Smith and Hill (2011) showed that similar sandy 
soils in the Douglas–Daly region of the Northern Territory are prone to acidity and 
SOC levels can be rapidly reduced to less than 50% after four seasons of 
conventional cultivation. 
However, the risk of soil acidification may not be a significant problem in the 
Kununurra area. Soil analysis data from irrigated Cockatoo Sands around Kununurra 
shows that the soil pH has remained relatively unchanged after 15 to 20 years of 
agriculture (Table 6.1). This is likely to be attributed to careful management of 
nitrogen fertilisers and the alkalising effect of the slightly alkaline Ord River irrigation 
water. The risk of acidification therefore seems to be low under these conditions. 
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Early work by Isbell (1986) indicates the sandy soils, including red sandy earths, 
have a low nutrient status with positive yield responses resulting from the application 
of all macronutrients and micronutrients. Zinc is notably deficient, especially if lime 
has been applied, and deficiency may develop over time because of the alkalising 
effect of the Ord River water. Therefore, agricultural productivity on Cockatoo and 
Pago soils will heavily rely on fertiliser inputs. To mitigate these deficiencies, fertiliser 
management techniques, such as fertigation, frequent plant tissue testing and 
retaining plant residue to boost soil organic matter, will be required to maximise 
sustainable production. 
7.4 Nutrient export 
The loss of macronutrients (nitrogen, potassium and phosphorus) and the possible 
risk of eutrophication of watercourses need to be managed if intensive agriculture is 
developed on the sandy soils in the survey area. This risk can be minimised by 
excluding flow lines and drainage depressions from agricultural development and 
using regular soil or plant tissue testing combined with efficient irrigation application 
techniques. 
Pago soils that have dry season watertable depths within 200–400cm (Figure 3.8) 
are particularly prone to excessive nutrient leaching under annual cropping. On these 
soils, deep-rooted annual crops or tree crops could be incorporated within cropping 
systems to recover leached nutrients and take up water from the subsoil. 
PRI results from the uncleared survey areas (Table 6.1 and Appendix A) show that 
Cockatoo Sands and Packsaddle topsoils have a medium to high capacity to fix 
phosphorus (Moore 1998), indicating that most phosphorus will be readily sorbed 
within the topsoil horizon. Additionally, PRI values increase with depth through the 
soil profile, in line with increasing clay and iron content similar to the Karrakatta soils 
of the Swan Coastal Plain (McPharlin et al. 1990). Therefore, the risk of phosphorus 
leaching is low. 
The Pago soils also have moderate to high capacity to fix phosphorus at depth. 
However, as some areas of Pago soils are likely to develop watertables within a 
depth of 100cm under intensive horticulture, these areas would be prone to soil 
saturation and it is highly likely phosphorus will be removed to drainage systems via 
surface run-off. On this basis, Pago soils are less suited to intensive annual 
horticulture production. Pago soils would be better suited to agricultural systems 
requiring less water and nutrients, such as fodder cropping and tree products. 
7.5 Soil workability 
Soil workability refers to the ease with which the soil can be cultivated and prepared 
for seeding or planting. Soil and land characteristics that affect land preparation and 
timeliness of cultivation include site drainage, soil texture, soil structure, soil 
consistence or friability and rockiness. 
Soil compaction, topsoil crusting or hardsetting is associated with sandy earths and 
loamy earths of the Kimberley and the Northern Territory’s Katherine region (Speck 
et al. 1960). Cultivating soils with these properties, particularly when the soils are too 
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moist, will likely result in soil compaction, breakdown of soil aggregates and sealing 
of soil pores. These limitations usually develop or are exacerbated after 
development, through soil erosion and loss of topsoil organic matter. 
High proportions of exchangeable calcium (Ca) relative to magnesium (Mg) and 
sodium are usually associated with well-structured soils. On the other hand, high 
levels of sodium and magnesium relative to calcium generally indicate poor structure 
and susceptibility to surface sealing and compaction. Soils with low Ca:Mg ratios are 
generally associated with poor soil structure, particularly when sodium levels are high 
(Hamza 2008). Field observations mentioned by Stoneman (1972) and local growers 
(C Robinson 2014, pers. comm., 10 April) indicate Packsaddle soils with medium to 
fine-textured topsoils are prone to surface sealing and soil compaction. Soil analysis 
in Stoneman (1972) show Ca:Mg ratios were less than 2, which supports the above-
mentioned field observations. However, soil analysis of Packsaddle soils in this study 
show Ca:Mg ratios are greater than 2 and sodium levels are low (Appendix A). 
Thus, poor soil structure associated with Packsaddle soils may not be due to low 
Ca:Mg ratios. Inherently low SOC, clay mineralogy dominated by kaolinite and poorly 
sorted soil particle size distribution are other factors that influence soil structure and 
consistence. Nevertheless, periodic deep-ripping and amelioration with gypsum to 
increase Ca:Mg ratios prior to planting will improve the friability and soil workability of 
Packsaddle soils. Amelioration can be a slow process, particularly if topsoil horizons 
have been degraded or eroded (C Robinson 2014, pers. comm., 10 April). Similarly, 
gypsum is also applied to topsoils before seeding on red sandy earths (East 
Kimberley Pindan soils) to reduce topsoil crusting. 
Horticulture management systems that include minimum tillage, cover-cropping and 
incorporating green manure crops can retain soil stores of SOC. Constructing grade 
banks to minimise topsoil erosion would also minimise the loss of SOC. 
7.6 Salinity hazard 
Areas currently subject to seasonal waterlogging and/or have watertables within 
300cm and that receive seepage and run-on have a moderate to high risk of 
developing secondary salinity. These areas include soil map units PG and PGL that 
contain Cajuput, Cullen and Elliot soils, and PSL+SD in the Victoria Highway area. 
As indicated in Table 6.1, exchangeable sodium (Na) has increased on Pago soils 
under intensive horticulture. The soil sample in question was taken from an area 
where watertables have developed to within 50cm of the soil surface during the dry 
season and field measurements of soil EC 1:5 are in the range of 50–60mS/m, which 
is indicative of secondary salinity. 
Secondary salinity has also been observed on the Junction complex, Ivanhoe Plain 
(refer to map units 8a and 8b in Aldrick et al. 1990) after these map units were 
developed for horticulture. Junction complex is situated on the border of the clay 
plains and Cockatoo Sands. This map unit includes Cockatoo–Pago intergrades, 
Pago, sandy duplex, Cullen and Elliot soils. Developing these soils for horticulture is 
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likely to increase the risk of groundwater rise and secondary salinity on-site and in 
the adjoining areas. 
7.7 Potential development areas 
DAFWA uses a five-class land capability system which is defined in Table 7.1 (van 
Gool et al. 2011). Classes (1 to 5) indicate the degree of limitation and the level of 
management required to support sustainable development. Class 1 land has a very 
high capability for the proposed land use type as limitations are minor, thus 
development would be sustainable with a low level of management. In contrast, 
Class 5 land has a very low capability because limitations are so severe that 
management or land degradation costs would be prohibitive. The capability class is 
determined from the most limiting land characteristic or quality, which is indicated by 
the land characteristic/quality subscript for capability classes 2–3 to 4. For example, 
the soil map unit Packsaddle and sandy duplex (PSL+SD) has a capability class 4zh 
for annual horticulture. Soil drainage potential (zh) is rated as moderate to poorly 
drained and is the most limiting land characteristic/quality. 
Table 7.1 Land capability classes for given land use types (van Gool et al. 2011) 
Capability class General description 
1 – Very high  Very few physical limitations present and easily overcome. 
Risk of land degradation is negligible.* 
2 – High  Minor physical limitations affecting either productive land use 
and/or risk of degradation. Limitations overcome by careful 
planning. 
3** – Fair  Moderate physical limitations significantly affecting productive 
land use and/or risk of degradation. Careful planning and 
conservation measures required.*** 
4 – Low  High degree of physical limitation not easily overcome by 
standard development techniques and/or resulting in high risk 
of degradation. Extensive conservation measures required.*** 
5 – Very low  Severe limitations. Use is usually prohibitive in terms of 
development costs or the associated risk of degradation. 
* Very few land use developments have no negative effect on land degradation and 
therefore capability class 1 will not occur for many land uses employing broadly 
accepted management and development techniques. 
** Class 3 is often the largest category of land. It is often highly productive 
agricultural land which requires improved land management to avoid slowly 
increasing effects of land degradation. 
*** Conservation or planning requirements are likely to involve ongoing management. 
Table 7.2 and Table 7.3 list the areas of Cockatoo, Pago and Packsaddle soil map 
units within the Victoria Highway and Carlton Hill survey areas. Also listed are the 
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capability classes for annual and perennial horticulture, fodder cropping and tree 
crops for each soil map unit. 
Land capability maps for each land use type that indicate the capability class for each 
soil map unit are shown in Figures 7.1 to 7.8. 
Table 7.2 Land characteristics/qualities ratings and land capability class for soil map 
units in the Victoria Highway area 
Land 
characteristics/qualities 
Cockatoo sand, normal 
phase (CS) 
Packsaddle and sandy 
duplex (PSL+SD) 
Soil drainage potential (zh) rapid moderate to poorly drained 
Water erosion (w) moderate moderate 
Nutrient availability (l) low low to moderate 
Nutrient export (n) low moderate to high 
Soil workability (k) good poor 
Salinity hazard (y) nil slight to moderate 
Capability class   
Annual horticulture 2–3w 4zh 
Perennial horticulture 2–3w 4zh 
Fodder cropping 2–3w 3k 
Tree products 2 4zh 
Total area (ha) 2490 1550 
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Table 7.3 Land characteristics/qualities ratings and land capability class for soil map 


































Soil drainage potential 
(zh) 




moderate rapid rapid to 
imperfectly 
drained 
Water erosion (w) moderate low low to 
moderate 
moderate moderate high high 
Nutrient availability (l) low low very low low moderate low very low 
Nutrient export (n) low low high high low low high 
Soil workability (k) good good good good fair poor poor 




slight nil slight 
Capability class        
Annual horticulture 2–3w 2 3–4y,zh 3–4y,zh 3k 4w 4w 
Perennial horticulture 2–3w 2 3zh 3zh 2–3k 4w 4w 
Fodder cropping 2–3 2 2–3zh 2–3zh 2 4w 4w 
Tree products 2 2 3zh 3zh 2-3k 4w 4w 
Total area (ha) 2510 1600 1860 510 1400 310 60 
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Figure 7.1 Land capability for annual horticulture in the Victoria Highway area 
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Figure 7.2 Land capability for annual horticulture in the Carlton Hill area 
48 
Cockatoo Sands: land capability assessment 
 
 
Figure 7.3 Land capability for perennial horticulture in the Victoria Highway area 
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Figure 7.4 Land capability for perennial horticulture in the Carlton Hill area 
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Figure 7.5 Land capability for fodder cropping in the Victoria Highway area 
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Figure 7.6 Land capability for fodder cropping in the Carlton Hill area 
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Figure 7.7 Land capability for tree products in the Victoria Highway area 
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Figure 7.8 Land capability for tree products in the Carlton Hill area  
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8 Conclusion 
About 5000ha of Cockatoo sand, normal phase (soil map unit CS) and 1600ha of 
Cockatoo sand, loamy phase (soil map unit CSL) have the most potential for a broad 
range of horticultural crops. Areas of CS are assigned the land capability Class 2–3. 
Areas of CS with slopes of less than 1% are Class 2 while areas with slopes of 1–2% 
are Class 3 to reflect a higher risk of water erosion. Areas of soil map unit CSL are 
capability Class 2 because slopes are mainly less than 1%. Agricultural development 
within areas of CS and CSL is sustainable provided soil conservation strategies, such 
as grade banks and strip and cover-cropping, are employed to minimise the risk of 
soil erosion. 
About 2370ha of Pago soils (soil map units PG and PGL) are rated as having a 
moderate to low potential (Class 3 to 4) for intensive horticulture development 
because of a combination of limitations, including seasonal waterlogging (having a 
range in watertable depth of 50 to 150cm under native vegetation), risk of secondary 
salinity and a potential rise in groundwater under annual horticulture that would be 
adverse to year-round access and increase the risk of nutrient leaching. 
Nevertheless, some areas of Pago soils are likely to be suitable for deep-rooted 
fodder crops or perennials, such as sorghum, maize, mango, guava and lychee that 
can tolerate periodic waterlogging and are capable of tapping into the seasonal 
watertable and intercepting leached nutrients. 
To determine the seasonal groundwater responses and forecast how they may 
respond to clearing and agriculture, monitoring bores have been installed in all soil 
map units. The suitability of Pago soils in the Carlton Hill area for agriculture 
development will hinge on these results, which are expected in late 2014. 
Similarly, monitoring bores have been installed in areas of Packsaddle soil (soil map 
unit PSL) within the Victoria Highway and Carlton Hill areas. Initial findings suggest 
areas of PSL in the Carlton Hill area (1400ha) appear comparatively better drained 
than the 1550ha of PSL+SD in the Victoria Highway area which contain more duplex 
soils and pockets of outcropping calcareous sandstone. Furthermore, the PSL+SD 
soil map unit is situated upslope from a broad drainage flat containing saline areas. 
The inclusion of multiple cropping rotations, such as melons followed by sorghum or 
planting a cover crop during the wet season would be beneficial in optimising the use 
of soil water and nutrients and reducing the risk of water erosion and loss of soluble 
fertilisers. 
The high to fair capability and uniformity of the Cockatoo Sands in the Victoria 
Highway area, together with proximity to services and ease of access, are factors 
that highlight this area as the most suitable site for developing irrigated agriculture 
near Kununurra. 
Economic analysis of supplying reticulated water and other infrastructure to the 
potential agricultural development areas and findings from groundwater monitoring 
will underpin the development of Cockatoo Sands and associated soils. 
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Appendix A: Representative soil profiles and analyses 
Site ID 0133 
Location MGA Zone: 51 489141mE 8255381mN  
Local soil name Packsaddle sandy loam 
WA soil group Red loamy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Firm 
Native vegetation Eucalyptus tectifica, Corymbia foelscheana, Bauhinia cunninghamii, 
Brachychiton tuberculatus, Themeda australis 
Open low woodland 
Soil profile description 
Horizon Depth (cm) Description 
A11 0–10 Reddish brown (5YR 4/4 moist) clayey fine sand; dry soil; massive, 
earthy fabric; clear boundary 
A2 10–60 Yellowish red (5YR 4/6moist) fine sandy loam; dry soil; massive, 
earthy fabric; gradual boundary 
B21 60–190 Red (2.5YR 4/8 moist) light sandy clay loam; moderately moist soil; 
massive, earthy fabric 
B22 190–200 Red (2.5YR 4/8 moist) with 20% brownish yellow mottles; fine 
sandy clay; moist soil; massive, earthy fabric 
Soil physical and chemical analysis 
Sample 
depth (cm) 
















0–10 63 25 4 8 No data 6.5 5.8 0.01 0.25 No data 0 
10–30 66 20 3 11 No data 6.8 6.0 <0.01 0.15 No data 0 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 1.75 0.44 0.20 0.01 No data 1 2 99 1 0.2 0.39 8 12.1 0.03 
10–30 1.77 0.54 0.18 0.01 No data 1 2 105 1 0.2 0.33 8 9.5 0.05 
60–80 3.73 0.73 0.29 0.04 No data 1 2 110 1.2 0.4 0.33 8 9.1 0.04 
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Site ID  0301 
Location MGA Zone: 52 487781mE 8249241mN  
Local soil name Cockatoo sand (normal phase) 
WA soil group Red sandy earth 
ASC Red-Orthic Tenosols 
Land use Rangeland 
Surface condition Soft 
Native vegetation Eucalyptus tetradonta, Erythrophleum 
chlorostachys, Gardenia spp., Acacia 
tumida, Brachychiton tuberculatus, 
Petalostigma pubescens 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish brown (5YR 3/3 moist) loamy sand; dry soil; pH 6.0; 
clear, smooth boundary 
B1 10–40 Yellowish red (5YR 4/5 moist) loamy medium sand; moderately 
moist soil; gradual, smooth boundary 
B2 40–100 Dark red (2.5YR 3/6 moist) clayey medium sand; moist soil 
B2 100–300 Dark red (2.5YR 3/6 moist) sandy loam; moist soil 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 60 27 2 10 1.52 6.2 5.2 0.01 0.61 0.32 <1.0 
30–40 74 18 1 7 1.50 6.0 5.0 <0.01 0.22 0.29 1.4 
60–70 67 22 0 11 1.48 6.5 5.5 <0.01 0.13 0.32 2.3 
150–160 63 21 2 14 n.a. 6.4 5.9 <0.01 0.10 0.31 <1.0 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 1.58 0.41 0.10 <0.01 3.8 4 <2 39 0.6 8.6 0.3 21 4.86 0.15 
30–40 0.45 0.32 0.05 <0.01 3.4 2 <2 19 <0.5 <0.1 0.1 9 1.71 0.14 
60–70 0.53 0.49 0.14 0.01 6.0 <1 <2 56 <0.5 0.2 0.5 6 1.31 0.25 
150–160 0.14 0.98 0.11 0.01 10.8 1 <2 41 0.9 0.2 0.2 7 0.07 0.11 
200–310 0.18 0.85 0.15 0.06 7.6 1 <2 57 <0.5 0.3 0.2 6 0.20 0.10 
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Site ID 0329 
Location MGA Zone: 52 484946mE 8250299mN  
Local soil name Cullen sand 
WA soil group Brown sandy earth 
ASC Brown Kandosols 
Land use Rangeland 
Surface condition Soft 
Native vegetation Eucalyptus tetradonta, E. ferruginea, 
Erythrophleum chlorostachys, 
Brachychiton tuberculatus, Gardenia spp. 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Dark greyish brown (10YR 4/2 moist) loamy sand; dry soil; gradual boundary 
A2 20–50 Brownish yellow (10YR 6/5 moist) clayey sand; dry soil; diffuse boundary 
B1 50–70 Brownish yellow (10YR 6/6 moist) sandy loam; moderately moist soil; diffuse boundary 
B2 70–150 Brownish yellow (10YR 6/6 moist) sandy clay loam to sandy clay; moderately moist soil; 
diffuse boundary 
Soil physical and chemical analysis 
Sample depth 
(cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 63 28 2 7 1.48 5.7 4.7 0.02 0.42 0.27 1.7 
30–50 60 25 2 13 1.46 6.3 5.7 0.01 0.13 0.29 1.3 
70–80 59 17 2 22 1.52 6.3 5.5 <0.01 0.13 0.32 1.5 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.81 0.31 0.10 <0.01 2.4 5 <2 38 0.9 0.1 0.4 12 9.76 0.19 
30–50 0.73 0.51 0.10 <0.01 7.6 <1 <2 41 0.5 0.1 0.1 2 2.41 0.02 
70–80 0.77 0.94 0.11 <0.01 19.7 <1 <2 44 1.9 0.2 0.1 2 0.55 0.11 
120–150 0.80 2.24 0.21 0.02 75.3 2 3 82 3.2 0.2 0.2 7 0.16 0.02 


















































0–10 No data No data No data No data ● ● No data ● No data No data 
70–80 No data No data No data No data ● No data No data ● No data No data 
120–150 No data No data No data No data ● No data No data ● No data No data 
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Site ID  0342 
Location MGA Zone: 52 487867mE 8249917mN  
Local soil name Pago sand (normal phase) 
WA soil group Brown deep sand 
ASC Brown-Orthic Tenosols 
Land use Rangeland 
Surface condition Firm 
Native vegetation Eucalyptus tetradonta, Erythrophleum 
chlorostachys, Acacia falcata, A. tumida, 
Triodia pungens, Eragrostis spp. 
Open woodland  
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Brown (7.5YR 5/4 moist) loamy sand; dry soil 
B1 20–50 Strong brown (7.5YR 5/6 moist) loamy sand; dry soil 
B21 50–150 Yellowish red (5YR 5/8 moist) clayey sand; moderately moist soil 
B22 150–400 Yellowish red (5YR 5/8 moist) clayey sand to sandy loam; moderately 
moist soil 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 69 25 2 4 No data 5.8 4.8 <0.01 0.38 0.25 1.9 
30–40 69 24 1 6 No data 5.7 4.7 <0.01 0.17 0.29 1.4 
80–100 71 16 0 14 No data 5.6 4.6 <0.01 0.14 0.27 1.8 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.69 0.16 0.07 <0.01 2.0 2 <2 29 <0.5 <0.1 0.2 10 2.93 0.03 
30–40 0.19 0.18 0.04 <0.01 3.7 <1 <2 17 0.6 6.5 0.3 7 1.60 <0.01 
80–100 0.18 0.52 0.07 0.01 14.5 <1 <2 27 0.6 0.1 0.1 3 0.14 0.15 
140–160 0.14 0.89 0.06 <0.01 15.8 2 <2 23 <0.5 0.1 0.2 5 0.03 0.09 
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Site ID  0343 
Location MGA Zone: 52 487984mE 8250275mN 
Local soil name Pago sand (loamy phase) 
WA soil group Brown sandy earth 
ASC Brown Kandosols 
Land use Rangeland 
Surface condition Soft 
Native vegetation Eucalyptus tetradonta, E. ferruginea, Erythrophleum chlorostachys, 
Brachychiton tuberculatus, Acacia tumida, Grevillea pteridifolia, 
Petalostigma pubescens 
Open woodland 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Brown (7.5YR 4/2 moist) loamy sand; dry soil; pH 6.0 
B1 10–30 Strong brown (7.5YR 5/6 moist) loamy sand; moderately moist soil; 
pH 6.0 
B2 30–200 Yellowish brown (10YR 5/8 moist) clayey sand grading to sandy 
loam; moderately moist soil; pH 6.0 
B2t 200–310 Brownish yellow (10YR 6/6 moist) sandy clay loam; red (2.5YR 4/6 
moist) mottles; moist soil; pH 6.5 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 68 26 2 4 No data 6.0 5.0 0.01 0.52 0.24 3.3 
30–40 59 32 3 7 No data 6.4 5.4 <0.01 0.18 0.28 2.3 
80–100 56 29 0 15 No data 5.8 4.8 <0.01 0.12 0.32 1.3 
140–160 57 26 1 16 No data 5.8 4.8 <0.01 0.11 0.32 3.3 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 1.02 0.28 0.14 <0.01 2.1 3 <2 53 0.9 0.1 0.4 16 7.51 0.14 
30–40 0.47 0.41 0.09 <0.01 3.8 1 <2 34 <0.5 7.3 0.2 6 2.44 0.13 
80–100 0.19 0.55 0.09 <0.01 13.7 1 <2 36 0.7 0.1 0.3 8 0.01 0.02 
140–160 0.1 0.89 0.10 0.01 17.3 <1 <2 40 <0.5 0.2 0.5 9 <0.01 0.06 
250–300 0.11 1.17 0.11 0.03 8.6 3 <2 43 0.6 0.1 0.3 8 0.01 <0.01 
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Site ID  0367 
Location MGA Zone: 52 484532mE 8250769mN  
Local soil name Cockatoo sand (sandy phase) 
WA soil group Red deep Sand 
ASC Red-Orthic Tenosols 
Land use Rangeland 
Surface condition Loose, soft 
Native vegetation Eucalyptus tetradonta, E. miniata, 
Buchanania obovata, Brachychiton 
tuberculatus, Grevillea agrifolia 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish brown (5YR 3/3 moist) loamy sand 
B1 10–90 Red (2.5YR 4/6 moist) loamy sand 
B2 90–200 Red (10R 4/8 moist) clayey sand 
BR 200–250 Red (10R 4/8 moist) clayey sand; soft sandstone 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 72 22 1 5 n.a. 5.8 4.8 <0.01 0.49 0.33 <1.0 
20–40 70 23 1 6 n.a. 6.2 5.4 <0.01 0.15 0.31 <1.0 
60–80 65 26 2 7 1.53 6.3 5.7 <0.01 0.12 0.27 <1.0 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.77 0.30 0.06 0.02 3.2 1 <2 22 <0.5 0.1 0.3 24 1.49 0.15 
20–40 0.38 0.24 0.04 <0.01 3.0 <1 <2 15 <0.5 0.1 0.1 7 1.30 0.12 
60–80 0.27 0.33 0.05 <0.01 4.7 1 <2 18 <0.5 0.1 0.1 4 0.18 0.08 
120–160 0.11 0.59 0.05 <0.01 7.8 <1 <2 20 1.1 0.1 0.2 7 0.31 0.10 
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Site ID  0375 
Location MGA Zone: 52 484656mE 825505mN  
Local soil name Cockatoo sand (gravelly phase) 
WA soil group Red loamy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Soft 
Native vegetation Eucalyptus tetradonta, Corymbia 
ferruginea, Brachychiton tuberculatus, 
Triodia pungens, Eragrostis spp., 
Gardenia spp. 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Brown (7.5YR 4/3 moist) clayey sand to sandy loam; weak 
consistence dry soil; pH 6.0; clear boundary 
B1 10–50 Red (2.5YR 4/6 moist) sandy loam; massive, earthy fabric; weak to 
firm consistence, dry soil; pH 6.0; clear boundary 
B21s 50–100 Red (2.5YR 4/6 moist) sandy loam; massive, earthy fabric; 60% 
ferruginous gravel; moderately moist soil; pH 6.0; gradual boundary 
B22s 100–150+ Red (2.5YR 4/6 moist) light sandy clay loam; massive; 60–80% 
ferruginous gravel; moderately moist soil; pH 6.0; gradual boundary 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 64 25 2 9 No data 6.6 5.6 <0.01 0.25 0.30 2.0 
20–40 60 22 0 18 No data 6.4 5.5 <0.01 0.18 0.29 2.1 
60–80 61 19 2 18 No data 6.6 5.7 0.01 0.16 0.31 2.7 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 1.01 0.39 0.10 0.01 3.8 <1 <2 37 <0.5 <0.1 0.3 6 8.67 0.03 
20–40 0.58 0.38 0.08 <0.01 8.9 1 <2 32 0.7 0.2 0.1 5 9.48 0.12 
60–80 0.78 1.01 0.12 0.02 21.7 2 <2 48 1.6 0.3 0.3 6 4.53 0.04 
125–150 1.16 1.90 0.17 0.12 194 <1 <2 65 4.6 0.4 0.1 6 1.68 <0.01 
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Site ID  0402 
Location MGA Zone: 52 486317mE 8249731mN  
Local soil name Cockatoo sand (normal phase) 
WA soil group Red sandy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Soft, loose 
Native vegetation Eucalyptus tetradonta, Erythrophleum 
chlorostachys, Corymbia ferruginea, 
Acacia platycalyx 
Open woodland 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Reddish brown (5YR 4/4 moist) loamy sand; pH 6.5 
B1 20–40 Yellowish red (5YR 5/8 moist) clayey sand; pH 6.0 
B2 40–250 Red (2.5YR 4/8 moist) clayey sand to sandy loam; weak, <2mm, 
crumb structure; pH 6.0 and EC 0.12 dS/m 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 58 33 3 6 1.61 5.9 4.9 0.01 0.38 0.31 4.7 
30–40 61 29 1 9 n.a. 5.8 4.8 <0.01 0.20 0.28 1.1 
60–80 62 23 1 13 n.a. 5.8 4.8 <0.01 0.13 0.34 1.8 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.69 0.29 0.13 <0.01 2.3 6 <2 53 0.9 <0.1 0.2 10 7.83 0.13 
30–40 0.37 0.27 0.06 <0.01 5.4 3 <2 25 <0.5 0.1 0.2 10 2.64 0.16 
60–80 0.34 0.44 0.07 <0.01 12.1 1 <2 25 1.9 0.2 0.2 6 0.52 0.13 
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Site ID  0404 
Location MGA Zone: 52 485676mE 8249969mN  
Local soil name Cockatoo sand (loamy phase) 
WA soil group Red loamy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Soft 
Native vegetation Eucalyptus tetradonta, Erythrophleum 
chlorostachys, Brachychiton tuberculatus 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Brown (7.5YR 4/4 moist) clayey sand; dry soil 
B1 10–40 Reddish brown (2.5YR 5/4 moist) clayey sand to sandy loam; moderately moist soil 
B2 40–80 Red (2.5YR 4/8 moist) clayey sand; moderately moist soil 
B21 80–200 Red (2.5YR 4/8 moist) sandy loam; moist soil 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 63 26 1 11 1.43 6.2 5.3 <0.01 0.17 0.31 <1.0 
10–40 57 33 1 9 1.48 6.3 5.4 0.01 0.36 0.26 <1.0 
80–100 63 20 2 15 1.47 6.1 5.3 <0.01 0.11 0.29 <1.0 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.66 0.36 0.08 0.01 7.0 <1 <2 30 <0.5 0.1 0.1 3 3.73 0.11 
10–40 1.04 0.42 0.08 <0.01 3.6 3 <2 30 0.9 0.2 0.1 10 6.37 0.13 
80–100 0.42 0.61 0.07 0.01 12.2 2 <2 28 0.6 0.2 0.1 4 0.55 0.07 
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Site ID 0477 
Location MGA Zone: 52 470191mE 8286748mN  
Local soil name Cockatoo sand (normal phase) 
WA soil group Red sandy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Loose 
Native vegetation Eucalyptus tetradonta, Erythrophleum 
chlorostachys, Brachychiton tuberculatus, 
Terminalia carpentariae, Triodia pungens, 
Eragrostis spp., Petalostigma pubescens 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish brown (5YR 3/3 moist) loamy sand; dry soil; pH 6.5; 
gradual boundary 
A2 10–50 Reddish brown (2.5YR 4/4 moist) clayey sand to sandy loam; dry 
soil; pH 6.5; gradual boundary 
B1 50–100 Red (2.5YR 4/6 moist) sandy loam; moderately moist soil; pH 6.5; 
diffuse boundary 
B21 100–120 Dark red (10R 3/6 moist) light sandy clay loam; moderately moist soil; 
pH 6.5 
B22 120–200 Dark red (10R 3/6 moist) sandy clay loam; moderately moist soil 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 73 21 1 5 No data 6.8 6.3 0.02 0.38 0.30 3.2 
30–40 66 22 0 12 No data 6.8 6.2 0.01 0.15 0.29 3.2 
80–100 52 27 1 21 No data 6.7 6.0 <0.01 0.12 0.32 2.0 
120–140 52 25 1 23 No data 6.6 6.0 <0.01 0.09 0.33 1.9 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 1.64 0.38 0.09 <0.01 2.1 2 <2 34 0.9 <0.1 0.6 10 4.88 0.37 
30–40 0.93 0.20 0.11 <0.01 4.7 <1 <2 43 0.6 <0.1 0.2 7 4.21 <0.01 
80–100 1.25 0.76 0.13 <0.01 21.9 1 <2 52 1.5 0.2 0.1 2 1.39 0.15 
120–140 1.31 0.90 0.17 0.02 34.5 2 <2 67 1.9 0.3 0.2 <1 0.24 <0.01 
120–160 1.23 1.09 0.16 0.02 31.8 2 <2 62 4.6 0.3 0.4 6 0.15 0.09 
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Cockatoo Sands: land capability assessment  
Site ID 0479 
Location MGA Zone: 52 470156mE 8287484mN  
Local soil name Cockatoo sand (normal phase) 
WA soil group Red sandy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Loose to firm 
Native vegetation Eucalyptus tetradonta, E. tectifica, E. 
confertiflora, Erythrophleum 
chlorostachys, Brachychiton 
tuberculatus, Grevillea pteridifolia, Acacia 
tumida  
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish brown (5YR 3/2 moist) clayey sand; dry soil; pH 7; clear 
boundary 
B1 10–40 Dark reddish brown (2.5YR 3/4 moist) clayey sand; dry soil; pH 6.5; 
diffuse boundary 
B21 40–80 Red (2.5YR 4/6 moist) sandy loam; dry soil; pH 6.5; diffuse boundary 
B22 80–120 Red (2.5YR 4/6 moist) sandy clay loam; moderately moist soil; pH 
6.5; diffuse boundary 
B2s 120–300 Red (10R 4/6 moist) sandy clay; moist soil; few ferruginous gravels 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 71 21 1 7 No data 6.9 6.2 0.02 0.42 0.29 3.2 
20–30 60 33 1 6 No data 6.6 6.1 0.01 0.15 0.33 1.8 
40–60 57 26 1 16 No data 6.5 5.7 <0.01 0.13 0.31 1.5 
80–100 46 25 1 28 No data 6.5 5.6 <0.01 0.14 0.30 2.1 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 2.01 0.27 0.14 <0.01 1.7 3 <2 53 0.9 <0.1 0.3 7 12.26 0.03 
20–30 0.94 0.28 0.14 <0.01 3.8 1 <2 54 0.7 0.1 0.3 3 6.40 0.14 
40–60 1.15 0.37 0.15 <0.01 9.2 1 <2 63 <0.5 0.1 0.2 8 4.93 0.10 
80–100 1.96 0.78 0.21 0.02 29.8 3 <2 83 0.8 0.2 0.5 6 1.09 0.06 
140–160 1.97 1.08 0.23 0.03 94.5 1 <2 94 3.3 0.4 0.2 4 0.14 0.02 
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Cockatoo Sands: land capability assessment 
Site ID  0490 
Location MGA Zone: 52 466612mE 8286984mN  
Local soil name Cockatoo sand (loamy phase) 
WA soil group Red loamy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Loose to firm 
Native vegetation Eucalyptus tetradonta, E. miniata, 
Erythrophleum chlorostachys, 
Brachychiton tuberculatus, Buchanania 
obovata, Acacia tumida, Petalostigma 
pubescens 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish brown (2.5YR 3/4 moist) loamy fine sand; weak; dry soil; 
pH 6.0; gradual boundary 
B1 10–40 Red (2.5YR 4/8 moist) clayey fine sand; dry soil; gradual boundary 
B2 40–230 Red (10R 4/8 moist) fine sandy loam to light sandy clay loam; 
moderately moist soil; pH 6.5; diffuse boundary 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 26 66 1 7 No data 6.2 5.2 0.02 0.55 0.30 2.6 
20–30 31 55 3 11 No data 6.2 5.2 <0.01 0.18 0.32 2.3 
30–40 26 64 2 8 No data 5.9 4.7 <0.01 0.20 0.31 3.0 
60–80 39 44 1 15 No data 5.8 4.8 <0.01 0.11 0.29 3.1 
120–150 26 51 3 20 No data 6.0 5.0 <0.01 0.10 0.31 2.4 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 1.10 0.55 0.07 <0.01 4.2 1 <2 29 0.9 0.2 0.1 24 3.21 <0.01 
20–30 0.27 0.58 0.07 0.02 6.5 1 <2 27 0.5 0.2 0.1 2 2.17 0.04 
30–40 0.25 0.36 0.09 0.02 5.8 2 <2 34 0.6 0.3 0.1 4 4.44 0.03 
60–80 0.19 0.52 0.08 0.02 12.4 1 <2 33 2.3 0.2 0.1 5 0.15 0.13 
120–150 0.07 0.90 0.08 0.02 18.4 1 <2 30 1.8 0.4 0.1 5 0.02 0.11 
200–230 0.07 1.15 0.08 0.02 16.2 1 <2 33 1 0.2 0.1 5 0.05 0.01 
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Cockatoo Sands: land capability assessment  
Site ID  0519 
Location MGA Zone: 52 470113mE 8295218mN  
Local soil name Cockatoo sand (loamy phase) 
WA soil group Red loamy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Soft 
Native vegetation Eucalyptus tetradonta, E. foelscheana, 
Terminalia carpentariae, Erythrophleum 
chlorostachys, Brachychiton tuberculatus, 
Buchanania obovata, Petalostigma 
pubescens 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Dark reddish brown (5YR 3/3 moist) clayey sand; pH 6; clear 
boundary 
B1 10–50 Yellowish red (5YR 4/6 moist) clayey sand; pH 5.5; diffuse boundary 
B2 50–150 Dark red (2.5YR 3/6 moist) sandy loam to light sandy clay loam; pH 
5.5; diffuse boundary 
B21 150–180 Dark red (10R 3/6 moist) sandy clay loam; pH 5.5; diffuse boundary 
B22 180–450 Dark red (10R 3/6 moist) sandy clay 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 40 50 2 7 No data 6.5 5.7 0.02 0.47 0.31 5.6 
10–30 36 53 1 10 No data 6.6 5.9 <0.01 0.20 0.30 2.7 
50–70 41 40 4 15 No data 6.5 6.0 0.01 0.11 0.31 2.8 
100–120 20 59 2 19 No data 6.5 5.9 0.01 0.11 0.34 2.6 
180–200 24 40 3 33 No data 6.3 5.7 <0.01 0.11 0.32 2.3 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 1.64 0.49 0.15 <0.01 2.7 3 <2 61 1 0.1 0.3 15 22.97 0.01 
10–30 0.93 0.39 0.12 <0.01 3.9 <1 <2 50 0.5 0.1 0.1 11 11.39 <0.01 
50–70 0.93 0.54 0.16 0.01 9.0 1 <2 65 0.6 0.2 0.1 5 6.89 0.13 
100–120 1.13 0.61 0.16 0.02 12.9 2 2 63 1.5 0.2 0.3 7 4.21 0.11 
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Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
180–200 1.86 0.91 0.18 0.02 40.6 3 <2 79 1.3 0.2 0.3 5 0.34 0.06 
180–260 1.43 0.70 0.18 <0.01 22.7 2 <2 73 1 0.2 0.3 <1 1.77 0.08 


















































0–10 No data No data No data No data ● No data No data ● ● No data 
100–120 No data No data No data ● ● No data No data ● ● No data 




Cockatoo Sands: land capability assessment  
Site ID  0553 
Location MGA Zone: 52 487364mE 8249765mN  
Local soil name Cockatoo sand (loamy phase) 
WA soil group Red loamy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Soft 
Native vegetation Eucalyptus tetradonta, E. ferruginea, 
Erythrophleum chlorostachys, Eragrostis 
spp., Petalostigma pubescens 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–30 Dark reddish brown (5YR 3/3 moist) clayey sand 
B1 30–100 Red (2.5YR 4/8 moist) sandy loam 
B2 100–270 Red (10R 4/8 moist) sandy loam to light sandy clay loam 
B21 270–425 Red (10R 4/8 moist) fine sandy loam to light sandy clay loam; 
massive; 70% ferruginous gravel; sandstone 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 62 27 0 11 1.49 6.0 5.0 <0.01 0.36 0.31 <1.0 
20–40 66 23 1 9 1.50 6.0 5.0 <0.01 0.27 0.30 2.6 
60–80 61 24 1 14 n.a. 5.6 4.6 <0.01 0.13 0.30 1.7 
120–140 57 25 1 18 1.50 6.1 5.4 <0.01 0.11 0.32 1.4 
250–270 40 38 2 20 n.a. 6.2 5.7 <0.01 0.09 0.31 2.1 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.91 0.37 0.10 <0.01 3.5 1 3 41 0.5 <0.1 0.4 6 4.83 0.09 
20–40 0.74 0.37 0.06 <0.01 4.6 2 <2 24 <0.5 0.1 0.3 10 3.16 0.01 
60–80 0.35 0.40 0.06 <0.01 14.5 <1 <2 24 3.1 0.2 0.2 6 0.47 0.02 
120–140 0.22 0.93 0.06 0.01 18.6 1 <2 23 2.3 0.2 0.3 4 0.11 0.09 
250–270 0.08 1.22 0.05 0.01 18.1 4 <2 20 1.5 0.2 0.2 6 0.03 0.10 
270–300 0.10 1.12 0.05 0.01 15.6 <1 <2 20 0.6 0.1 0.7 6 0.03 0.15 
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Cockatoo Sands: land capability assessment 
Site ID  0567 
Location MGA Zone: 52 485094mE 8251800mN  
Local soil name Cockatoo sand (normal phase) 
WA soil group Red sandy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Soft 
Native vegetation Eucalyptus tetradonta, Erythrophleum 
chlorostachys, Acacia platycarpa 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Dark reddish brown (5YR 3/3 moist) clayey fine sand 
B1 20–50 Red (2.5YR 4/6 moist) clayey fine sand 
B2 50–120 Red (10R 4/8 moist) clayey fine sand to sandy loam 
B21 120–300 Red (10R 4/8 moist) fine sandy loam to light sandy clay loam 
B22 300–320 Red (10R 4/8 moist) fine sandy loam to light sandy clay loam; pale 
weathered sandstones 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 70 22 2 6 No data 6.2 5.4 0.01 0.36 0.26 <1.0 
20–30 66 24 1 8 No data 5.9 4.9 <0.01 0.45 0.31 <1.0 
50–60 66 24 1 9 No data 5.7 4.7 <0.01 0.16 0.34 2.8 
80–90 59 23 1 17 No data 5.7 4.7 <0.01 0.13 0.30 1.8 
150–160 61 18 1 20 No data 6.0 5.5 0.01 0.11 0.31 3.4 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.67 0.43 0.08 0.01 1.8 3 <2 32 0.7 0.1 0.1 9 3.25 0.13 
20–30 0.37 0.26 0.06 <0.01 2.9 1 3 24 <0.5 0.2 0.2 11 1.08 0.13 
50–60 0.19 0.15 0.06 0.01 3.9 1 <2 24 <0.5 0.2 0.3 8 1.46 <0.01 
80–90 0.24 0.54 0.05 0.01 16.0 <1 <2 20 3.1 0.2 0.2 6 0.08 0.12 
150–160 0.08 0.89 0.06 <0.01 14.7 1 <2 23 0.8 0.2 0.1 5 0.44 0.09 
160–200 0.04 1.06 0.09 <0.01 14.8 <1 <2 34 0.6 0.2 0.1 2 0.90 0.13 
  
71 
Cockatoo Sands: land capability assessment  
Site ID  0569 
Location MGA Zone: 52 458237mE 8252159mN  
Local soil name Pago sand (normal phase) 
WA soil group Brown deep sand 
ASC Brown-Orthic Tenosols 
Land use Rangeland 
Surface condition Soft 
Native vegetation Eucalyptus tetradonta, Erythrophleum 
chlorostachys, Acacia falcata,Triodia 
pungens, Eragrostis spp.  
Soil profile description 
Horizon Depth (cm) Description 
A1 0–20 Dark greyish brown (10YR 4/2 moist) loamy sand; dry soil; pH 5.0; 
gradual boundary 
B1 20–80 Yellowish brown (10YR 5/5 moist) loamy sand; dry soil; pH 5.5; 
gradual boundary 
B2 80–150+ Yellowish brown (10YR 5/4 moist) clayey sand; dry soil; pH 6.0; 
gradual boundary 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 71 23 1 5 1.55 6.2 5.5 0.01 0.29 0.27 1.1 
40–60 74 18 1 7 1.55 6.4 5.8 <0.01 0.12 0.28 <1.0 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.59 0.22 0.08 <0.01 1.8 2 <2 32 0.6 0.1 0.1 6 14.67 0.09 
40–60 0.35 0.26 0.06 <0.01 2.8 <1 <2 24 1.8 0.1 0.1 3 6.11 0.11 
80–100 0.12 0.32 0.06 <0.01 2.6 <1 <2 22 <0.5 <0.1 0.3 5 1.11 0.10 
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Cockatoo Sands: land capability assessment 
Site ID  0648 
Location MGA Zone: 51 467262mE 8286560mN  
Local soil name Cockatoo sand (sandy phase) 
WA soil group Red deep sand 
ASC Red-Orthic Tenosols 
Land use Rangeland 
Surface condition Soft, loose 
Native vegetation Eucalyptus tetradonta, Erythrophleum 
chlorostachys, Brachychiton 
tuberculatus, Grevillea pteridifolia 
Open woodland 
Soil profile description 
Horizon Depth (cm) Description 
A1 0–10 Reddish brown (5YR 4/4 moist) loamy sand; dry soil; clear boundary 
B1 10–30 Reddish brown (2.5YR 4/4 moist) loamy sand; dry soil; gradual 
boundary 
B2 30–60 Red (10R 4/8 moist) clayey fine sand; moderately moist soil 
B21 60–250 Red (10R 4/8 moist) clayey fine sand; moderately moist soil 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 49 44 1 6 No data 6.3 5.5 0.01 0.31 0.29 2.0 
10–30 49 42 0 9 No data 6.5 5.8 <0.01 0.20 0.31 1.5 
60–80 57 31 0 12 No data 6.3 5.5 <0.01 0.13 0.28 1.8 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 0.92 0.31 0.05 <0.01 3.6 2 14 19 0.6 <0.1 0.2 17 6.34 0.07 
10–30 0.69 0.36 0.05 <0.01 3.8 <1 <2 18 <0.5 <0.1 0.3 7 2.71 0.06 
60–80 0.34 0.44 0.06 <0.01 8.3 <1 <2 24 0.6 0.1 0.1 6 0.39 0.06 
120–140 0.31 0.62 0.06 <0.01 10.5 3 <2 25 1.8 0.2 0.1 <1 2.23 0.05 
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Cockatoo Sands: land capability assessment  
Site ID  0705 
Location MGA Zone: 52 482968mE 8255580mN  
Local soil name Packsaddle sandy loam 
WA soil group Red loamy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Firm 
Native vegetation Eucalyptus tectifica, Bauhinia cunninghamii (rare), Brachychiton 
tuberculatus, Themeda australis 
Open low woodland 
Soil profile description 
Horizon Depth (cm) Description 
A11 0–10 Reddish brown (5YR 3/4 moist) sandy loam dry soil; firm topsoil; 
massive, earthy fabric; clear boundary 
B1 10–30 Dusky red (2.5YR 4/4moist) light sandy clay loam; dry soil; massive, 
earthy fabric; gradual boundary 
B2s 30–80 Dusky red (2.5YR 3/4moist) light clay; moderately moist containing 
30% ironstone gravel massive, earthy fabric; gradual boundary 
B22 80–100 Dusky red (2.5YR 4/4moist) light clay moderately moist soil; medium 
blocky structure, rough and smooth ped fabric 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 50 30 7 13 No data 6.7 6.1 0.01 0.38 No data 0 
10–30 33 22 5 40 No data 6.8 5.9 0.01 0.41 No data 0 
30–80 37 13 4 46 No data 6.7 6.1 0.01 0.28 No data 0 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 2.48 0.94 0.31 0.01 No data No data <2 146 1 0.22 0.54 6 8.7 0.16 
10–30 3.01 2.39 0.63 0.02 No data No data <2 246 1.9 0.45 0.71 10 7.2 0.15 
30–80 3.52 3.01 0.64 0.02 No data No data <2 250 1.3 0.47 0.45 6 3.4 0.21 
80–100 4.34 3.99 0.60 0.02 No data No data <2 233 1.0 0.67 0.30 5 2.9 0.12 
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Cockatoo Sands: land capability assessment 
Site ID  0711 
Location MGA Zone: 52 470153mE 8290649mN  
Local soil name Packsaddle sandy loam 
WA soil group Red loamy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Firm 
Native vegetation Eucalyptus tectifica, E. foelscheana, Brachychiton tuberculatus, 
Themeda australis 
Open woodland 8m 
Soil profile description 
Horizon Depth (cm) Description 
A11 0–10 Dark reddish brown (5YR 3/3 moist) sandy loam dry soil; firm topsoil; 
massive, earthy fabric; clear boundary 
B1 10–30 Reddish brown (5YR 4/4moist) sandy clay loam; dry soil; massive, 
earthy fabric; gradual boundary 
B21 30–50 Dark red (2.5YR 4/4 moist) light clay; dry soil; massive, earthy fabric; 
gradual boundary 
B22 50–150 Dark red (2.5YR 4/4 moist) light clay; dry soil; weak fine subangular 
blocky structure; rough ped fabric; gradual boundary 
B23 150–210 Dark red (2.5YR 4/4 moist) light clay; dry soil; weak fine subangular 
blocky structure; rough ped fabric 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 43 35 9 12 No data 6.9 6.5 0.04 0.88 No data 0 
10–30 42 22 5 40 No data 6.2 5.8 0.01 0.43 No data 0 
30–50 39 13 4 46 No data 6.6 6.1 <0.01 0.23 No data 0 
50–150 30 17 6 54 No data 6.3 5.8 <0.01 0.15 No data No data 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 4.95 0.83 0.36 0.02 No data No data <2 168 1.8 0.3 0.29 5.0 15.7 0.16 
10–30 2.12 0.55 0.28 0.01 No data No data <2 131 1.4 0.2 0.35 5.4 26.4 0.13 
30–50 2.49 1.00 0.39 0.01 No data No data <2 182 1.3 0.3 0.48 4.4 4.0 0.09 
50–150 2.72 1.09 0.31 0.01 No data No data <2 143 1.3 0.4 0.24 5.2 1.15 0.13 
150–210 2.59 1.29 0.26 0.02 No data  <2 114 0.7 0.5 0.05 2.0 0.54 0.07 
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Cockatoo Sands: land capability assessment  
Site ID  0714 
Location MGA Zone: 52 471724mE 8289941mN  
Local soil name Packsaddle sandy loam 
WA soil group Red loamy earth 
ASC Red Kandosols 
Land use Rangeland 
Surface condition Firm 
Native vegetation Eucalyptus tectifica, E. foelscheana, Erythropheleum chlorostachys, 
Brachychiton tuberculatus, Themeda australis 
Open woodland 8–10m 
Soil profile description 
Horizon Depth (cm) Description 
A11 0–10 Dark reddish brown (5YR 3/3 moist) sandy loam dry soil; firm topsoil; 
massive, earthy fabric; clear boundary 
B1 10–40 Dark red (2.5YR 4/6moist) sandy clay loam with inclusions of leached 
sand; dry soil; massive, earthy fabric; gradual boundary 
B21 40–60 Dark red (2.5YR 4/6 moist) sandy clay; dry soil; massive, earthy 
fabric; gradual boundary 
B22 60–100 Dark red (2.5YR 4/6 moist) light clay; dry soil; massive to weak fine 
subangular blocky structure; rough ped fabric; gradual boundary 
2B/R 100–120 Yellowish red (5YR 5/6 moist) clay loam; dry soil; contains weathered 
sandstone 
R 120+ Sandstone 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 23 54 12 12 No data 6.5 6.0 0.03 0.61 No data No data 
10–40 38 25 10 27 No data 6.4 5.5 0.01 0.35 No data No data 
40–60 26 29 9 36 No data 6.6 5.4 <0.01 0.18 No data No data 
60–100 26 23 9 41 No data 6.5 5.8 <0.01 0.14 No data No data 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 2.78 0.82 0.37 0.02 No data No data 2 182 1.3 0.4 0.22 8.9 16.4 0.20 
10–40 2.52 1.01 0.36 0.02 No data No data <2 181 1.2 0.3 0.49 9.8 11.1 0.13 
40–60 3.03 1.33 0.40 0.02 No data No data <2 158 2.1 0.4 0.44 4.6 2.2 0.16 
60–100 4.45 1.55 0.39 0.02 No data No data <2 179 1.0 0.4 0.22 4.7 1.2 0.08 
100–120 2.59 2.31 0.42 0.03 No data No data <2 213 1.2 0.3 0.23 6.6 1.8 0.15 
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Cockatoo Sands: land capability assessment 
Site ID  0716 
Location MGA Zone: 52 470936mE 8289139mN  
Local soil name Packsaddle sandy loam 
WA soil group Red loamy duplex 
ASC Haplic Mesotrophic Red Chromosol 
Land use Rangeland 
Surface condition Firm 
Native vegetation Eucalyptus tectifica, E. foelscheana, Erythropheleum chlorostachys, 
Brachychiton tuberculatus, Grevillea striata, Themeda australis 
Open woodland 
Soil profile description 
Horizon Depth (cm) Description 
A11 0–10 Dark reddish brown (5YR 3/3 moist) sandy loam; dry soil; firm topsoil; 
massive, earthy fabric; clear boundary 
B1 10–30 Dusky red (2.5YR 4/4moist) light sandy clay loam; dry soil; massive, 
earthy fabric; gradual boundary 
B21 30–100 Dark red (2.5YR 4/6moist) light clay; dry soil; weak fine subangular 
blocky structure; rough ped fabric; gradual boundary 
B22 100–200 Dark red (2.5YR 4/6 moist) light clay; dry soil; weak fine subangular 
blocky structure; rough ped fabric; gradual boundary 
CR 200–220 Red (2.5YR 6/6 moist) light sandy clay loam; dry soil; massive 
weathered sandstone 
Soil physical and chemical analysis 
Sample 
depth (cm) 











(mg/kg) CS FS Silt Clay H2O CaCl2 
0–10 68 17 5 10 No data 6.7 6.2 0.03 0.68 No data 0 
10–30 40 38 7 15 No data 6.3 5.9 0.02 0.36 No data 0 
30–100 42 15 8 36 No data 6.7 6.2 0.01 0.15 No data 0 







Macronutrients and micronutrients (mg/kg) 
Ca Mg K Na N P K S B Cu Fe Mn Zn 
0–10 3.60 0.86 0.34 0.01 No data No data <2 168 1.8 0.3 0.29 6.9 15.7 0.16 
10–30 1.84 0.59 0.29 0.01 No data No data <2 130 1.9 0.3 0.32 8.0 31.6 0.11 
30–100 2.31 1.32 0.46 0.01 No data No data <2 183 3.6 0.5 0.25 4.4 3.6 0.08 
200–220 1.63 1.09 0.23 0.05 No data No data <2 106 3.7 0.3 0.18 9.0 0.8 0.09 
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(mS/m) Site notes 
0001 52 483921 8250712 Red-Orthic Tenosol 220 No data no data Rocks in south-east 
0002 52 485934 8253750 Brown Chromosol 100 no data no data no data 
0003 52 485694 8253431 Bleached-Orthic 
Tenosol 
121 no data no data Periodic waterlogging; 
surface condition soft 
to firm 
0004 52 485533 8253001 Silpanic Brown-Orthic 
Tenosol 
61 no data no data no data 
0005 52 485301 8252381 Brown-Orthic Tenosol 141 no data no data no data 
0006 52 484688 8250683 Lithic Red-Orthic 
Tenosol 
150 no data no data Hardpan or sandstone 
at >150cm 
0007 52 484796 8251013 Red-Orthic Tenosol 200 no data no data No brittle layer or 
hardpan; topsoil 
clayey sand 
0008 52 484974 8251502 Red-Orthic Tenosol 200 no data no data Surface condition soft 
to dry 
0009 52 485176 8252055 Ferric Red-Orthic 
Tenosol 
140 no data no data no data 
0010 52 485133 8252333 Ferric-Reticulate 
Brown-Orthic Tenosol 
61 no data no data Compact profile; 
adjacent to gravel pit; 
reticulate & cemented; 
pisolitic gravel 
0011 52 486454 8253992 Brown Chromosol 150 no data no data Compact; subject to 
waterlogging 
0012 52 486925 8254261 Brown-Orthic Tenosol 200 no data no data Good hard soil; 
adjacent to creek line; 
grasses greener 
0013 52 477131 8251737 Grey Chromosol 220 no data no data B1 & B2 moist 
0014 52 477350 8252090 Brown Chromosol 170 no data no data B1 & B2 moist 
0015 52 478163 8252593 Brown-Orthic Tenosol 200 no data no data Possible hardpan 
>200cm; edge of 
drainage line 
0016 52 478872 8253163 Brown-Orthic Tenosol 200 160 no data no data 
0017 52 479625 8253749 Brown-Orthic Tenosol 200 160 no data Similar to Site 0016 
0018 52 479316 8254515 Brown-Orthic Tenosol 200 140 no data Similar to Site 0016 
0019 52 478877 8255620 Brown-Orthic Tenosol 200 no data no data Similar to Site 0016; 
colour tending to be 
10YR 5/6–10YR 5/8 in 
wet subsoil 
0020 52 478191 8257380 Brown-Orthic Tenosol 200 no data no data Surface condition firm 
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(mS/m) Site notes 
to hardsetting 
0021 52 477833 8258351 Brown-Orthic Tenosol 200 no data no data Dry soil well-drained 
although has paler 
colour 
0022 52 477650 8257940 Brown-Orthic Tenosol 200 no data no data Slightly undulating 
valley to north-west 
0023 52 477647 8256728 Brown-Orthic Tenosol 200 180 no data no data 
0024 52 477648 8254671 Brown-Orthic Tenosol 200 80 no data Ruts & gully on track; 
too wet for 
development 
0025 52 477648 8253829 Brown-Orthic Tenosol 200 180 no data no data 
0026 52 477193 8253231 Brown-Orthic Tenosol 200 no data no data no data 
0027 52 479991 8253316 Brown-Orthic Tenosol 160 no data no data no data 
0028 52 480534 8252801 Brown Chromosol 30 no data no data no data 
0029 52 480997 8252369 Brown-Orthic Tenosol 200 200 no data no data 
0030 52 481306 8252081 Red-Orthic Tenosol 200 no data no data no data 
0031 52 482056 8251397 Lithic Red-Orthic 
Tenosol 
140 no data no data no data 
0032 52 476221 8267231 Red Chromosol  80 no data no data no data 
0033 52 476662 8266746 Brown Chromosol 181 no data no data Drainage line; 
dissected area; gully 
on fence 
0034 52 477402 8265864 Red-Orthic Tenosol 200 no data no data no data 
0035 52 477451 8265749 Arenic Rudosol 41 no data no data no data 
0036 52 477483 8265346 Lithic Brown-Orthic 
Tenosol 
160 no data no data no data 
0037 52 477471 8264809 Lithic Brown-Orthic 
Tenosol 
141 no data no data Slopes to south-east; 
erodible when cleared 
on slopes 
0038 52 477476 8264254 Lithic Brown-Orthic 
Tenosol 
61 no data no data no data 
0039 52 477044 8265784 Red-Orthic Tenosol 200 no data no data no data 
0040 52 476848 8265604 Yellow-Orthic Tenosol 200 180 no data no data 
0041 52 476542 8265314 Brown-Orthic Tenosol 200 no data no data Ridge north of slope; 
slopes to south-east 
0042 52 475972 8264826 Lithic Red-Orthic 
Tenosol 
31 no data no data Ironstone gravel & 
sandstone ridge  
0043 52 475447 8263801 Brown-Orthic Tenosol 90 no data no data Compact profile; will 
waterlog 
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(mS/m) Site notes 
0044 52 475758 8263527 Brown-Orthic Tenosol 200 160 no data EC sample collected 
0045 52 476307 8263492 Brown-Orthic Tenosol 200 160 no data Upslope of drainage 
line 
0046 52 476527 8263379 Brown-Orthic Tenosol 120 no data no data Creekline cutting 
0047 52 475631 8263153 Brown-Orthic Tenosol 200 160 no data Sandplain 
0048 52 467588 8243914 Yellow-Orthic Tenosol 200 no data no data no data 
0049 52 467823 8244215 Brown-Orthic Tenosol 200 no data no data Good soil; compact 
0050 52 467736 8244831 Brown Kandosol 200 no data no data no data 
0051 52 467601 8245153 Brown Chromosol  100 no data no data Amorphous silica in 
A2; poorly drained 
0052 52 467795 8245278 not classified no data no data no data Amorphous silica in 
A2; poorly drained 
0053 52 467251 8245295 Brown Chromosol  175 no data no data Moderately well-
drained but will 
waterlog periodically 
0054 52 466953 8245575 Yellow-Orthic Tenosol 150 no data no data Amorphous silica 
topsoil; subject to 
waterlogging 
0055 52 466981 8246959 Brown Chromosol 70 no data no data Few surface cracks; 
moderately well-
drained red soil 
0056 52 464202 8256990 Ferric Red-Orthic 
Tenosol 
140 no data no data Stopped by gravel 
0057 52 463781 8256944 Lithic Red-Orthic 
Tenosol 
40 no data no data Colluvial slopes 
0058 52 462169 8258579 Brown Chromosol 50 no data no data no data 
0059 52 462651 8262495 Brown Chromosol 60 no data no data Low rises 
0060 52 463760 8263479 Yellow Chromosol 150 no data no data Track deeply rutted 
0061 52 464840 8265338 Brown Vertosol 30 no data no data Cracking clay  
0062 52 465201 8265448 Red Chromosol 25 no data no data Floodplain 
0063 52 465106 8268559 Brown-Orthic Tenosol 230 170 no data no data 
0064 52 464147 8267261 Brown-Orthic Tenosol 110 no data no data Drainage line; 
periodically 
waterlogged 
0065 52 463933 8266389 Grey Chromosol 160 no data no data Will waterlog 
0066 52 463233 8263803 Ferric Brown-Orthic 
Tenosol 
no data 190 no data Will waterlog; no clay 
layer; gravel at 
190cm; no sandy clay 
loam 
0067 52 467076 8258929 Red Kandosol 20 no data no data Red-brown alluvium 
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(mS/m) Site notes 
0068 52 460690 8283041 Brown Kandosol 70 no data no data no data 
0069 52 461838 8282997 Brown-Orthic Tenosol 200 no data no data Good soil 
0070 52 462255 8280415 Red-Orthic Tenosol 200 no data no data no data 
0071 52 462246 8280992 Ferric Red-Orthic 
Tenosol 
50 no data no data Gravelly soil 
0072 52 462257 8281312 Brown-Orthic Tenosol 200 200 no data Moist at 140cm; no 
standing watertable 
but moisture evident 
at 200cm 
0073 52 462237 8281755 Grey Chromosol 140 no data no data no data 
0074 52 461991 8282027 Brown-Orthic Tenosol 181 no data no data Moist at >180cm; no 
free water 
0075 52 461823 8282530 Brown-Orthic Tenosol 200 no data no data Moderately moist to 
wet at >180cm; no 
free water 
0076 52 464390 8282233 Brown-Orthic Tenosol 200 200 no data no data 
0077 52 466136 8282106 Red-Orthic Tenosol 200 no data no data no data 
0078 52 465793 8282213 Red-Orthic Tenosol 200 no data no data Good Cockatoo sand 
0079 52 465377 8282342 Red-Orthic Tenosol 200 no data no data no data 
0080 52 472172 8286291 Brown Chromosol 75 no data no data Duplex; good soil 
0081 52 472985 8289261 Brown Chromosol no data no data no data Duplex; good soil 
0082 52 473312 8290345 Brown Chromosol no data no data no data Similar to Site 0080; 
some sporadic 




0083 52 469049 8285717 Yellow Kandosol 171 170 no data Moist to wet at 
>140cm; free water 
over sandstone 
0084 52 467995 8286214 Red-Orthic Tenosol 200 no data no data Sandstone 50m to 
south 
0085 52 467346 8286563 Red-Orthic Tenosol 160 no data no data no data 
0086 52 466368 8286967 Red-Orthic Tenosol 100 no data no data no data 
0087 52 465228 8287021 Red-Orthic Tenosol 160 no data no data no data 
0088 52 464922 8287040 Ferric Red-Orthic 
Tenosol 
100 no data no data no data 
0089 52 469626 8284956 Sesqui-Nodular 
Tenosol 
61 no data no data no data 
0090 52 468396 8282391 Sesqui-Nodular 40 no data no data Well-drained if deep 
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(mS/m) Site notes 
Tenosol 
0091 52 467320 8301906 Brown-Orthic Tenosol 170 no data no data No standing 
watertable 
0092 52 466757 8302823 Brown-Orthic Tenosol 200 no data no data Soil moist to saturated 
at 200cm 
0093 52 466716 8305975 Brown-Orthic Tenosol 200 200 no data Soil moist to saturated 
at 200cm 
0094 52 468400 8305812 Brown-Orthic Tenosol 200 no data no data Dry new creek 
crossing; good soil 
around stockyard; 
gravelly light sandy 
clay loam at 250–
300cm 
0095 52 468880 8305764 Yellow-Orthic Tenosol 200 no data no data no data 
0096 52 469404 8305716 Yellow-Orthic Tenosol 150 no data no data No standing 
watertable  
0097 52 471015 8305562 Yellow Chromosol 120 no data no data Will waterlog & 
subject to inundation; 
A horizon contains 
amorphous silica 
0098 52 465756 8306059 Self -mulching Black 
Vertosol 
20 no data no data Cracking clay (grey) 
0099 52 467409 8301858 Yellow Kandosol 200 no data no data Good soil 
0100 52 472540 8298531 Self -mulching Black 
Vertosol 
100 no data no data no data 
0101 52 476564 8298562 Brown-Orthic Tenosol 150 no data no data Adjacent to creek; wet 
at 200cm 
0102 52 488200 8296036 Black Chromosol 80 no data no data Transition area 
0103 52 485515 8297362 Brown Kandosol 150 no data no data no data 
0104 52 483171 8297857 Brown-Orthic Tenosol 180 no data no data no data 
0105 52 482863 8297953 Brown-Orthic Tenosol 200 no data no data Moist at 190cm; 
redder north of road; 
yellow south on 
transition 
0106 52 482728 8300193 Brown-Orthic Tenosol 200 no data no data Start of redder soil; 
moist to wet at 200cm 
0107 52 483091 8300740 Brown-Orthic Tenosol 200 no data no data Moist at 180cm 
0108 52 480935 8298794 Grey Chromosol 130 no data no data Will waterlog 
0109 52 479620 8298727 Brown Kandosol 100 no data no data Periodically 
waterlogged 
0110 52 478568 8298647 Grey Chromosol 80 no data no data Will waterlog; possibly 
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(mS/m) Site notes 
sodic 
0111 52 459894 8336136 Brown Chromosol 200 no data no data A1 pH affected by 
road base 
0112 52 458896 8345981 Red-Orthic Tenosol 171 no data no data no data 
0113 52 460121 8346854 Red-Orthic Tenosol 200 no data no data no data 
0113a 52 460347 8347045 Brown Tenosol no data no data no data Soil boundary 
transition between 
Cockatoo and Pago 
sands 
0114 52 460736 8347402 Ferric Yellow Tenosol 140 no data no data Cajuput sand but dry 
and well-drained; pale  
0114a 52 462297 8348255 Arenic Rudosol no data no data no data Sandstone outcrop 
0114b 52 462931 8348962 Red-Orthic Tenosol no data no data no data no data 
0115 52 465881 8351908 Brown-Orthic Tenosol 200 no data no data no data 
0116 52 461816 8348030 Grey Chromosol 90 no data no data no data 
0117 52 466451 8330677 Red-Orthic Tenosol 180 no data no data no data 
0118 52 467140 8330907 Ferric Red-Orthic 
Tenosol 
80 no data no data Cockatoo sand; 
gravelly 
0119 52 469141 8331608 Red-Orthic Tenosol 180 no data no data no data 
0120 52 470971 8332241 Red Kandosol 180 no data no data no data 
0121 52 472749 8332873 Red Kandosol 150 no data no data Cockatoo sand (heavy 
phase); similar to Site 
0120 
0122 52 473536 8333144 Red Kandosol 160 no data no data Slightly lighter subsoil 
0123 52 475920 8334052 Red Kandosol 110 no data no data no data 
0124 52 475307 8335270 Red Kandosol 100 no data no data B2 compact with 
similar potential 
waterlogging 
0125 52 474418 8337048 Red-Orthic Tenosol 160 no data no data Sandier than Site 
0124 
0126 52 472936 8339982 Red Kandosol 80 no data no data no data 
0127 52 485258 8250971 Lithic Red-Orthic 
Tenosol 
161 no data no data no data 
0128 52 485703 8251460 Brown Kandosol 200 no data no data Good soil 
0129 52 486340 8252173 Brown Kandosol 40 no data no data Compact soil; subject 
to waterlogging; 
cannot auger 
0130 52 486977 8253068 Brown-Orthic Tenosol 200 no data no data Low rise 
0131 52 488125 8253863 Sesqui-Nodular 40 no data no data Shallow sandstone 
areas; very typical of 
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(mS/m) Site notes 
Tenosol waterlogging 
0132 52 488793 8254797 Red Chromosol 60 no data no data Good soil but subject 
to waterlogging 
0133 52 489141 8255381 Red Kandosol 200 no data no data Good soil 
0134 52 489666 8255974 Brown Chromosol 50 no data no data Compact; too wet 
0135 52 491161 8261428 Lithic Brown-Orthic 
Tenosol 
41 no data no data Shallow sand or 
calcareous sandstone 
or calcrete 
0136 52 493685 8268520 Lithic Leptic Rudosol 10 no data no data no data 
0137 52 490810 8263483 Brown Kandosol 50 no data no data Compact 
0138 52 490818 8258327 Red Chromosol  70 no data no data Limestone outcrop 
adjacent to red 
sandstone; thin crust 
0138a 52 491136 8261596 not classified no data no data no data Limestone outcrop 
0139 52 489567 8254786 Red Chromosol 60 no data no data Rare lime gravel; red 
duplex 
0140 52 488565 8251948 Brown-Orthic Tenosol 200 160 no data Burnt 
0141 52 488001 8250354 Brown-Orthic Tenosol 200 no data no data no data 
0142 52 487765 8249680 Red-Orthic Tenosol 200 no data no data no data 
0145 52 476583 8334195 Red-Orthic Tenosol 200 no data no data no data 
0146 52 477255 8334439 Red-Orthic Tenosol 200 no data no data Similar to Site 1045 
0147 52 478502 8334873 Red Kandosol 200 no data no data no data 
0147a 52 478737 8334956  not classified no data no data no data Transition area from 
Cockatoo to Pago 
sand 
0148 52 478984 8335048 Yellow Chromosol  100 no data no data Edge of drainage line; 
compact A horizon; 
will waterlog 
0148a 52 479201 8335114  not classified no data no data no data Sandstone exposed 
0149 52 476331 8333248 Red Kandosol 100 no data no data no data 
0150 52 476713 8332491 Lithic Red-Orthic 
Tenosol 
86 no data no data no data 
0151 52 476908 8332102 Brown Kandosol 200 no data no data no data 
0152 52 477019 8331893 Brown Kandosol 200 no data no data Similar to Site 0151 
0153 52 478550 8312805 Bleached-Orthic 
Tenosol 
no data no data no data Cajuput sand; pale 
surface; exposed 
sandstone  
0154 52 478402 8313447 Red-Orthic Tenosol 200 no data no data Good soil 
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(mS/m) Site notes 
0154a 52 478192 8314372 Lithic Red-Orthic 
Tenosol 
no data no data no data Sandstone outcrop, 
transition from 
Cockatoo to Pago 
0155 52 478063 8314916 Red-Orthic Tenosol 150 no data no data Depression to 
stockyard 
0156 52 477602 8316997 Brown Kandosol 180 no data no data no data 
0157 52 477133 8319073 Red Kandosol 100 no data no data Compact B1 & B2 
0158 52 476728 8320858 Red-Orthic Tenosol 200 no data no data no data 
0159 52 476283 8322860 Red-Orthic Tenosol 170 no data no data no data 
0160 52 475840 8324841 Red-Orthic Tenosol 100 no data no data no data 
0161 52 475093 8328161 Red Kandosol 110 no data no data no data 
0162 52 474982 8328675 Yellow-Orthic Tenosol 100 no data no data Depression side 
slope; very loose 
0163 52 474814 8329422 Red-Orthic Tenosol 100 no data no data Compacted at 
>100cm 
0164 52 474699 8329938 Brown-Orthic Tenosol 140 no data no data Single grain; very 
loose 
0165 52 474652 8330148 Red-Orthic Tenosol no data no data no data Brown to red in soil 
transition 
0166 52 474221 8332043 Red Kandosol 100 no data no data Similar to Site 0165 
0167 52 466659 8281952 Red-Orthic Tenosol 200 no data no data Sandstone outcrop 
100m north 
0168 52 465278 8281918 Red-Orthic Tenosol 170 no data no data no data 
0169 52 464563 8282296 Brown-Orthic Tenosol 200 200 no data no data 
0170 52 462966 8283120 Brown-Orthic Tenosol 200 no data no data no data 
0171 52 462204 8283458 Brown Kandosol 200 no data no data no data 
0172 52 461693 8283728 Brown Kandosol 180 no data no data no data 
0173 52 461243 8284028 Brown Chromosol 120 no data no data Will waterlog 
0174 52 460854 8284494 Brown Chromosol 40 no data no data Chromosol or 
Sodosol; will waterlog 
0175 52 460415 8285099 Brown Chromosol 40 no data no data Chromosol or 
Sodosol; flat; slight 
depression similar to 
Site 0174  
0176 52 459655 8285650 Red Chromosol 30 no data no data Chromosol or Sodosol 
0177 52 461667 8283099 Brown Kandosol 200 no data no data no data 























(mS/m) Site notes 
0178 52 461286 8283158 Brown Sodosol 20 no data no data Compact dense sodic 
subsoil; floodplain to 
north 
0179 52 494087 8237659 Yellow-Orthic Tenosol 160 no data no data no data 
0180 52 493926 8238323 Brown Kandosol 125 no data no data no data 
0181 52 496850 8237198 Sesqui-Nodular 
Tenosol 
40 no data no data no data 
0182 52 491986 8246344 Brown Kandosol 200 no data no data Good soil 
0183 52 490784 8246270 Brown Kandosol 101 no data no data Burnt; dense gravel 
layer; surface 
condition loose to firm 
0184 52 491225 8246547 Yellow-Orthic Tenosol 200 no data no data Low rise; quartz 
gravel at 200cm 
0185 52 491576 8246603 Lithic Yellow-Orthic 
Tenosol 
131 no data no data Similar to Site 0184 
but prone to 
waterlogging; thin 
surface crust 
0186 52 491111 8247925 Brown-Orthic Tenosol 50 no data no data no data 
0187 52 490530 8248153 Red-Orthic Tenosol 200 no data no data no data 
0188 52 490033 8248338 Red-Orthic Tenosol 200 no data no data no data 
0189 52 488682 8248844 Red-Orthic Tenosol 200 no data no data Thin loose layer at 
surface from ant or 
biological activity 
0190 52 488277 8248995 Red-Orthic Tenosol 200 no data no data no data 
0191 52 487698 8249214 Red-Orthic Tenosol 200 no data no data no data 
0192 52 489342 8248374 Red-Orthic Tenosol 200 no data no data no data 
0193 52 486848 8249531 Red-Orthic Tenosol 200 no data no data no data 
0194 52 485919 8249881 Red-Orthic Tenosol 200 no data no data no data 
0195 52 485063 8250206 Yellow Kandosol 121 no data no data no data 
0196 52 474902 8267833 Brown Chromosol  80 no data no data Chromosol or Sodosol 
(siliceous) 
0197 52 474990 8267667 Brown-Orthic Tenosol 200 no data no data Low rise sloping 2% 
west, 1% south 
0198 52 475079 8267348 Brown Kandosol 200 140 no data no data 
0199 52 474970 8267105 Red - Orthic Tenosol 200 no data no data Compact B2 
0200 52 476479 8268298 Red Chromosol  100 no data no data Possibly Red Sodosol 
0201 52 477747 8265698 Brown Kandosol 200 no data no data no data 
0202 52 478013 8265465 Brown Kandosol 131 no data no data no data 
0203 52 478170 8265167 Brown Kandosol 170 no data no data Sandstone or bog-iron 
86 



















(mS/m) Site notes 
ore at 180cm 
0204 52 478872 8263846 Brown Chromosol  140 no data no data Compact soil in 
drainage flat between 
creeklines  
0205 52 474557 8251142 Brown-Orthic Tenosol 200 no data no data Saturated at 100cm  
0206 52 474844 8251152 Red-Orthic Tenosol 200 70 no data Sandstone 
0207 52 475360 8251160 Brown-Orthic Tenosol 200 130 no data no data 
0208 52 475436 8251182 Brown-Orthic Tenosol 200 no data no data no data 
0209 52 475359 8250915 Grey Chromosol 130 80 no data Brown Chromosol, 
hardpan (probably 
sandstone) at 130cm 
0210 52 475362 8250504 Ferric Brown-Orthic 
Tenosol 
200 60 no data no data 
0211 52 475246 8250125 Red-Orthic Tenosol 200 150 no data no data 
0212 52 474782 8250138 Grey Chromosol  60 no data no data Grey Chromosol or 
Sodosol 
0213 52 474568 8251547 Ferric Red-Orthic 
Tenosol 
200 no data no data Compacted soft 
sandstone at >120cm; 
watertable at 125cm  
0214 52 494021 8261517 Lithic Red-Orthic 
Tenosol 
71 no data no data Probably sandstone  
0215 52 494590 8261754 Ferric Brown-Orthic 
Tenosol 
60 no data no data Seasonally 
waterlogged 
0216 52 495206 8262091 Brown-Orthic Tenosol 200 no data no data no data 
0217 52 496064 8263096 Brown-Orthic Tenosol 200 190 no data no data 
0218 52 497399 8267669 Brown-Orthic Tenosol 200 no data no data Floodplain; probably 
alluvial fine soft soil 
0219 52 497202 8268014 Brown-Orthic Tenosol 200 180 no data no data 
0220 52 496831 8268654 Red-Orthic Tenosol 200 no data no data Low rise 
0221 52 496455 8269291 Ferric Red-Orthic 
Tenosol 
70 no data no data Duplex soil  
0222 52 496748 8270130 Red-Orthic Tenosol 181 no data no data no data 
0223 52 497812 8270183 Red-Orthic Tenosol 160 no data no data Light sandy clay loam 
subsoil developed on 
old floodplain or 
watercourse 
0224 52 498257 8270174 Brown Chromosol  60 no data no data no data 
0225 52 495392 8269702 Brown Chromosol 20 no data no data Poorly drained 
0226 52 496709 8262167 Brown-Orthic Tenosol 200 no data no data Near river bank 
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(mS/m) Site notes 
0227 52 478024 8250283 Ferric Brown-Orthic 
Tenosol 
70 no data no data Thin organic crust 
5YR 4/3; fine sandy 
loam 5YR 3/3  
0228 52 476486 8247911 Ferric Red-Orthic 
Tenosol 
150 no data no data no data 
0229 52 476713 8248488 Brown Chromosol  71 no data no data Chromosol or 
Sodosol; thin surface 
crust 
0229a 52 477267 8250176 Arenic Rudosol no data no data no data Sand over bog-iron 
ore 
0230 52 478605 8247819 Lithic Red-Orthic 
Tenosol 
81 no data no data Sandstone at 40–
80cm 
0231 52 477565 8252669 Grey Chromosol 150 no data no data Periodic waterlogging 
0232 52 479930 8251116 Lithic Leptic Tenosol 110 no data no data no data 
0233 52 481728 8251127 Lithic Red-Orthic 
Tenosol 
151 no data no data no data 
0234 52 484303 8249049 Yellow Kandosol 200 no data no data Slight depression 
0235 52 483852 8247314 Lithic Brown-Orthic 
Tenosol 
131 no data no data Waterlogged duplex to 
west; bare patch due 
to shallow rock 
0236 52 484012 8248184 Lithic Red-Orthic 
Tenosol 
86 no data no data no data 
0236a 52 485117 8252294 not classified no data no data no data Reticulated substrate 




0238 52 484131 8254752 Ferric Brown 
Kandosol 
100 no data no data Floodplain 
0239 52 482211 8256507 Red Chromosol 80 no data no data Probably Red 
Chromosol, firm to 
hardsetting  
0240 52 482116 8258199 Brown-Orthic Tenosol 200 170 no data no data 
0241 52 482526 8259447 Brown-Orthic Tenosol 200 220 no data Moist at 100cm; 
possible watertable 
within 220cm 
0242 52 466061 8281342 Brown-Orthic Tenosol 180 no data no data Good soil; loose to 
firm surface  
0243 52 464909 8281570 Brown-Orthic Tenosol 200 no data no data no data 
0244 52 464578 8280978 Brown-Orthic Tenosol 200 no data no data no data 
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0245 52 464429 8280489 Brown Kandosol 20 no data no data Near boundary to 
rocky soils; likely to be 
clay or rock  
0246 52 463483 8282168 Brown-Orthic Tenosol 200 no data no data no data 
0247 52 465032 8281827 Yellow-Orthic Tenosol 180 no data no data no data 
0248 52 474789 8267971  Lithic Brown-Orthic 
Tenosol 
71 no data no data no data 
0301 52 487781 8249241 Red-Orthic Tenosol 1125 no data no data no data 
0302 52 487892 8249590 Red-Orthic Tenosol 525 no data no data no data 
0303 52 488252 8249468 Red-Orthic Tenosol 525 no data no data no data 
0304 52 488407 8249032 Red-Orthic Tenosol 460 no data no data no data 
0305 52 488407 8248990 Red-Orthic Tenosol 460 no data no data no data 
0306 52 488873 8248805 Red-Orthic Tenosol 675 no data no data No sandstone at 
675cm 
0307 52 489204 8248925 Red-Orthic Tenosol 375 no data no data no data 
0308 52 489327 8249086 Red-Orthic Tenosol 400 no data no data Slight compaction pan 
at 5–20cm; hard 
cemented ironstone 
hardpan at 400cm 
0309 52 489486 8249159 Red-Orthic Tenosol 450 no data no data no data 
0310 52 489883 8248444 Red-Orthic Tenosol 525 no data no data no data 
0311 52 489987 8248628 Brown-Orthic Tenosol 525 no data no data no data 
0312 52 490226 8248676 Red-Orthic Tenosol 525 no data no data no data 
0313 52 490331 8249016 Brown-Orthic Tenosol 975 no data no data no data 
0314 52 490455 8249179 Brown-Orthic Tenosol 525 140 no data Watertable at 140cm 
0315 52 490643 8248566 Red-Orthic Tenosol 450 no data no data no data 
0316 52 490902 8248444 Red-Orthic Tenosol 160 no data no data no data 
0317 52 490924 8248462 Ferric Brown-Orthic 
Tenosol 
90 no data no data no data 
0318 52 487171 8248849 Red-Orthic Tenosol 525 no data no data no data 
0319 52 487378 8248570 Red-Orthic Tenosol 675 no data no data no data 
0320 52 487466 8248448 Red-Orthic Tenosol 525 no data no data no data 
0321 52 487690 8248290 Red-Orthic Tenosol 975 no data no data no data 
0322 52 487801 8248255 Brown-Orthic Tenosol 525 no data no data no data 
0323 52 488172 8248363 Red-Orthic Tenosol 325 no data no data no data 
0324 52 488338 8248627 Red-Orthic Tenosol 525 no data no data no data 
0325 52 490716 8247871 Red-Orthic Tenosol 200 no data no data no data 
0326 52 490612 8247715 Red-Orthic Tenosol 450 no data no data no data 
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0327 52 490715 8247513 Lithic Red-Orthic 
Tenosol 
130 no data no data no data 
0328 52 490915 8247586 Red Kandosol 300 no data no data no data 
0329 52 484957 8250295 Red Kandosol 370 no data no data no data 
0329P 52 484946 8250299 Red Kandosol 150 no data no data no data 
0330 52 485257 8250418 Red Kandosol 370 no data no data no data 
0331 52 485517 8250598 Brown-Orthic Tenosol 450 no data no data no data 
0332 52 485699 8250795 Red Kandosol 525 no data no data no data 
0333 52 485858 8251064 Brown-Orthic Tenosol 525 380 no data no data 
0334 52 486001 8251183 Brown-Orthic Tenosol 225 no data no data no data 
0335 52 486301 8251211 Brown-Orthic Tenosol 325 no data no data no data 
0336 52 486588 8251245 Brown-Orthic Tenosol 380 no data no data no data 
0337 52 486601 8250740 Red-Orthic Tenosol 320 no data no data no data 
0338 52 486607 8250494 Red-Orthic Tenosol 450 no data no data no data 
0339 52 486600 8250236 Red-Orthic Tenosol 525 no data no data no data 
0340 52 486614 8249957 Red-Orthic Tenosol 525 no data no data no data 
0341 52 486554 8249664 Red-Orthic Tenosol 800 no data no data no data 
0342 52 487867 8249917 Brown-Orthic Tenosol 525 525 no data no data 
0343 52 487984 8250275 Brown-Orthic Tenosol 310 no data no data no data 
0344 52 488126 8250685 Yellow-Orthic Tenosol 170 no data no data no data 
0345 52 487815 8250557 Ferric Brown-Orthic 
Tenosol 
170 no data no data no data 
0346 52 487644 8250469 Red-Orthic Tenosol 350 no data no data no data 
0347 52 487305 8250514 Red-Orthic Tenosol 440 no data no data no data 
0348 52 487134 8250795 Red-Orthic Tenosol 220 no data no data no data 
0349 52 486811 8251013 Red-Orthic Tenosol 250 no data no data no data 
0350 52 486929 8249113 Yellow-Orthic Tenosol 675 no data no data no data 
0351 52 486633 8249137 Brown-Orthic Tenosol 525 no data no data no data 
0352 52 486713 8249253 Red-Orthic Tenosol 625 no data no data no data 
0353 52 479411 8254311 Brown-Orthic Tenosol 90 90 no data no data 
0354 52 479128 8255045 Brown-Orthic Tenosol 120 120 no data no data 
0355 52 479612 8253805 Brown-Orthic Tenosol 100 no data no data no data 
0356 52 481144 8252248 Brown-Orthic Tenosol 325 no data no data no data 
0357 52 481387 8252244 Brown-Orthic Tenosol 410 no data no data no data 
0358 52 481626 8252025 Red-Orthic Tenosol 310 no data no data no data 
0359 52 482007 8252080 Red-Orthic Tenosol 310 no data no data no data 
90 



















(mS/m) Site notes 
0360 52 482305 8252014 Red-Orthic Tenosol 270 no data no data no data 
0361 52 482577 8251815 Red-Orthic Tenosol 380 no data no data no data 
0362 52 482600 8251361 Red-Orthic Tenosol 260 no data no data no data 
0363 52 482592 8251209 Lithic Leptic Tenosol 35 no data no data no data 
0364 52 483619 8250972 Red-Orthic Tenosol 375 no data no data no data 
0365 52 483661 8251148 Red-Orthic Tenosol 300 no data no data no data 
0366 52 484667 8250741 Red-Orthic Tenosol 275 no data no data no data 
0367 52 484532 8250769 Red-Orthic Tenosol 250 no data no data  
0368 52 484607 8251031 Red-Orthic Tenosol 880 no data no data no data 
0369 52 484663 8251312 Red-Orthic Tenosol 380 no data no data no data 
0370 52 484638 8251661 Red-Orthic Tenosol 180 no data no data no data 
0371 52 484667 8251764 Red-Orthic Tenosol 300 no data no data no data 
0372 52 484639 8252045 Red Kandosol 225 no data no data no data 
0373 52 484627 8252130 Lithic Red-Orthic 
Tenosol 
160 no data no data no data 
0374 52 484622 8252144 Lithic Red-Orthic 
Tenosol 
170 no data no data no data 
0375 52 484656 8252502 Red Kandosol 375 no data no data no data 
0375P 52 484656 8252502 Red Kandosol 150 no data no data no data 
0376 52 484285 8252490 Red-Orthic Tenosol 590 no data no data no data 
0377 52 484105 8252467 Red-Orthic Tenosol 600 no data no data no data 
0378 52 484075 8252104 Red-Orthic Tenosol 470 no data no data no data 
0379 52 483941 8251756 Red-Orthic Tenosol 310 no data no data no data 
0380 52 483870 8251497 Red-Orthic Tenosol 450 no data no data no data 
0381 52 480135 8251676 Red-Orthic Tenosol 540 440 no data no data 
0382 52 480426 8251654 Brown-Orthic Tenosol 300 227 no data no data 
0383 52 480723 8251661 Brown-Orthic Tenosol 460 370 no data no data 
0384 52 481047 8251651 Red-Orthic Tenosol 240 no data no data no data 
0385 52 481273 8251666 Lithic Red-Orthic 
Tenosol 
140 no data no data no data 
0386 52 481500 8251622 Red-Orthic Tenosol 420 no data no data no data 
0387 52 481530 8251371 Red-Orthic Tenosol 320 no data no data no data 
0388 52 479841 8251645 Red-Orthic Tenosol 410 no data no data no data 
0389 52 479567 8251653 Red-Orthic Tenosol 200 no data no data no data 
0390 52 479399 8251749 Red-Orthic Tenosol 260 no data no data no data 
0391 52 478976 8251981 Red-Orthic Tenosol 675 500 no data no data 
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0392 52 478538 8251751 Red-Orthic Tenosol 525 no data no data no data 
0393 52 478543 8251426 Red-Orthic Tenosol 500 no data no data no data 
0394 52 491917 8246912 Lithic Red-Orthic 
Tenosol 
120 no data no data no data 
0395 52 492515 8247392 Leptic Tenosol 25 no data no data no data 
0396 52 492446 8247359 Leptic Tenosol 25 no data no data no data 
0397 52 492386 8247342 Leptic Tenosol 25 no data no data no data 
0398 52 492283 8247245 Leptic Tenosol 50 no data no data no data 
0399 52 492144 8247105 Leptic Tenosol 120 no data no data no data 
0400 52 487246 8249385 Red-Orthic Tenosol 525 no data no data no data 
0401 52 486964 8249489 Red Kandosol 375 no data no data no data 
0402 52 486317 8249731 Red-Orthic Tenosol 675 no data no data no data 
0403 52 485997 8249853 Red-Orthic Tenosol 525 no data no data no data 
0404 52 485676 8249969 Red-Orthic Tenosol 525 no data no data no data 
0404P 52 485676 8249969 Red-Orthic Tenosol 200 no data no data no data 
0405 52 485146 8250163 Brown-Orthic Tenosol 480 340 20 no data 
0406 52 464575 8281929 Brown-Orthic Tenosol 975 340 no data no data 
0407 52 464619 8281729 Red-Orthic Tenosol 520 no data no data no data 
0408 52 464604 8281491 Brown-Orthic Tenosol 525 340 no data no data 
0409 52 464557 8281324 Brown-Orthic Tenosol 525 no data no data no data 
0410 52 464288 8281574 Brown-Orthic Tenosol 525 340 14 no data 
0411 52 464314 8281765 Brown-Orthic Tenosol 525 220 15.6 no data 
0412 52 464112 8281947 Brown-Orthic Tenosol 375 150 15 no data 
0413 52 466016 8281924 Red-Orthic Tenosol 975 440 10 no data 
0414 52 466345 8282198 Red-Orthic Tenosol 525 no data no data no data 
0415 52 466412 8281093 Red-Orthic Tenosol 430 190 6.7 no data 
0416 52 466277 8281024 Brown-Orthic Tenosol 430 220 6.6 no data 
0417 52 466144 8281032 Brown-Orthic Tenosol 575 330 17.5 no data 
0418 52 465902 8280974 Brown-Orthic Tenosol 380 380 no data no data 
0419 52 465645 8280880 Brown-Orthic Tenosol 575 365 no data no data 
0420 52 465355 8280988 Brown-Orthic Tenosol 575 350 5.7 no data 
0421 52 465455 8281234 Brown-Orthic Tenosol 575 370 no data no data 
0422 52 465603 8281514 Brown-Orthic Tenosol 575 375 no data no data 
0423 52 465284 8281608 Brown-Orthic Tenosol 575 no data no data no data 
0424 52 463454 8282044 Brown-Orthic Tenosol 575 no data no data no data 
0425 52 463183 8282116 Brown-Orthic Tenosol 575 no data no data no data 
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0426 52 463027 8282297 Brown-Orthic Tenosol 526 420 26 no data 
0427 52 462671 8282389 Brown-Orthic Tenosol 525 no data no data no data 
0428 52 462396 8282227 Brown-Orthic Tenosol 275 no data no data no data 
0429 52 462057 8282196 Brown-Orthic Tenosol 450 200 no data no data 
0430 52 462168 8282545 Brown-Orthic Tenosol 380 170 12.3 no data 
0431 52 462263 8282817 Brown-Orthic Tenosol 300 180 no data no data 
0432 52 462386 8282938 Brown-Orthic Tenosol 575 200 7.6 no data 
0433 52 462669 8283337 Brown-Orthic Tenosol 725 380 9.4 no data 
0434 52 462790 8283613 Red-Orthic Tenosol 575 420 6 no data 
0435 52 462977 8283733 Red-Orthic Tenosol 525 no data no data no data 
0436 52 462744 8284050 Brown Kandosol 575 280 16 no data 
0437 52 463004 8284188 Brown-Orthic Tenosol no data no data no data no data 
0438 52 463489 8283962 Brown-Orthic Tenosol 575 300 9.3 no data 
0439 52 463890 8284231 Brown-Orthic Tenosol 575 230 no data no data 
0440 52 464066 8284472 Brown-Orthic Tenosol 10 no data no data no data 
0440P 51 463967 8284810 Brown-Orthic Tenosol no data no data no data no data 
0441 52 463874 8284955 Brown-Orthic Tenosol 575 260 10.5 no data 
0442 52 463703 8285411 Red-Orthic Tenosol 360 360 25 no data 
0443 52 463665 8285823 Red Kandosol 525 390 7 no data 
0444 52 464351 8285485 Brown-Orthic Tenosol no data no data no data no data 
0445 52 464683 8285218 Brown-Orthic Tenosol 575 360 4.5 no data 
0446 52 463096 8283382 Red-Orthic Tenosol 575 no data no data Well-drained 
0447 52 463312 8283283 Brown-Orthic Tenosol 575 no data no data no data 
0448 52 463675 8283445 Red-Orthic Tenosol 450 3 no data no data 
0449 52 463838 8283794 Brown-Orthic Tenosol 575 4 no data no data 
0450 52 463873 8283899 Brown-Orthic Tenosol no data no data no data no data 
0451 52 464224 8284081 Brown-Orthic Tenosol 575 no data no data no data 
0452 52 464331 8284551 Brown-Orthic Tenosol 375 no data no data no data 
0453 52 464747 8284794 Brown-Orthic Tenosol 575 no data no data no data 
0454 52 464977 8285371 Brown-Orthic Tenosol 575 no data no data no data 
0455 52 464413 8285130 Brown-Orthic Tenosol no data no data no data no data 
0456 52 463975 8284545 Brown-Orthic Tenosol no data no data no data no data 
0457 52 466379 8282278 Red-Orthic Tenosol 610 no data no data no data 
0458 52 466168 8282457 Red-Orthic Tenosol 575 530 no data Good soil 
0459 52 465922 8282636 Red-Orthic Tenosol 575 no data no data no data 
0460 52 466175 8282665 Red-Orthic Tenosol 575 no data no data no data 
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0461 52 467478 8282599 Red-Orthic Tenosol 450 no data no data no data 
0462 52 467576 8282707 Red-Orthic Tenosol 420 no data no data no data 
0463 52 467699 8282868 Brown-Orthic Tenosol 425 no data no data no data 
0464 52 467434 8283070 Red Kandosol 525 no data no data Compact B1 
0465 52 467182 8282974 Red-Orthic Tenosol 480 no data no data no data 
0466 52 466972 8283214 Sesqui-Nodular 
Tenosol 
280 no data no data no data 
0467 52 466919 8283502 Brown-Orthic Tenosol 230 no data no data no data 
0468 52 466976 8283580 Leptic Rudosol no data no data no data no data 
0469 52 467232 8283948 Red-Orthic Tenosol 530 no data no data no data 
0470 52 467216 8284462 Red Kandosol 450 no data no data no data 
0471 52 467110 8284526 Leptic Tenosol 150 no data no data no data 
0472 52 466826 8284920 Red-Orthic Tenosol 575 no data no data no data 
0473 52 467187 8285374 Red-Orthic Tenosol 575 no data no data no data 
0474 52 467528 8285651 Red-Orthic Tenosol 725 440 10.4 no data 
0475 52 467714 8286075 Red Kandosol 410 120 no data no data 
0476 52 467858 8286278 Red-Orthic Tenosol 550 310 9.6 no data 
0477 52 470191 8286748 Red Kandosol 575 470 17 no data 
0478 52 470297 8287135 Brown Kandosol 280 no data no data no data 
0479 52 470156 8287484 Red Kandosol 450 340 12.5 no data 
0480 52 469983 8287908 Red-Orthic Tenosol 575 310 13.9 no data 
0481 52 469859 8288244 Red Kandosol 450 290 5.3 no data 
0482 52 470182 8288445 Brown Kandosol 450 no data no data no data 
0483 52 469502 8288672 Brown Kandosol 450 220 4.9 no data 
0484 52 469507 8289043 Brown Kandosol 425 250 5 no data 
0485 52 469029 8289093 Brown Kandosol 450 160 7.5 no data 
0486 52 468794 8288716 Brown Kandosol 425 170 4.7 no data 
0487 52 469176 8288180 Red Kandosol 575 400 no data no data 
0488 52 469441 8287667 Brown Kandosol 575 320 5.2 no data 
0489 52 469874 8286324 Brown Kandosol 425 180 9.5 no data 
0490 52 466612 8286984 Red-Orthic Tenosol 575 no data no data no data 
0490P 51 466612 8286984 Red-Orthic Tenosol 230 no data no data no data 
0491 52 466427 8287336 Red-Orthic Tenosol 575 no data no data Good soil 
0492 52 466293 8287674 Red Kandosol 450 305 10.4 no data 
0493 52 466000 8287491 Red Kandosol 275 no data no data no data 
0494 52 465737 8287710 Red-Orthic Tenosol 560 450 9.6 no data 
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0495 52 465584 8288181 Red-Orthic Tenosol 575 no data no data no data 
0496 52 465900 8288774 Brown-Orthic Tenosol 575 250 8.8 no data 
0497 52 465276 8288866 Red-Orthic Tenosol 575 475 no data no data 
0498 52 465123 8288435 Red-Orthic Tenosol 575 no data no data no data 
0499 52 465174 8287860 Red-Orthic Tenosol 575 no data no data no data 
0500 52 465230 8287359 Red-Orthic Tenosol 330 no data no data no data 
0501 52 465501 8289577 Red-Orthic Tenosol 575 no data no data no data 
0502 52 465604 8289783 Red-Orthic Tenosol 575 no data no data no data 
0503 52 465412 8290121 Yellow-Orthic Tenosol 310 no data no data no data 
0504 52 464731 8290066 Red-Orthic Tenosol 575 no data no data no data 
0505 52 464378 8290031 Red-Orthic Tenosol 725 no data no data no data 
0506 52 463951 8290634 Red-Orthic Tenosol 575 no data no data no data 
0507 52 463937 8291058 Brown-Orthic Tenosol 725 no data no data no data 
0508 52 463944 8291467 Brown-Orthic Tenosol 725 650 no data no data 
0509 52 463917 8292210 Red-Orthic Tenosol 450 no data no data no data 
0510 52 465307 8291228 Red-Orthic Tenosol 450 no data no data no data 
0511 52 465308 8291228 Red-Orthic Tenosol 450 no data no data no data 
0512 52 466259 8291144 Red-Orthic Tenosol 575 no data no data no data 
0513 52 465959 8290587 Red-Orthic Tenosol 575 no data no data no data 
0514 52 465958 8290587 Red-Orthic Tenosol 450 no data no data no data 
0515 52 466405 8290143 Red-Orthic Tenosol 575 465 8 no data 
0516 52 466759 8289405 Red-Orthic Tenosol 450 230 3.8 no data 
0517 52 466840 8288459 Yellow Kandosol 425 240 13 no data 
0518 52 470114 8296066 Red Chromosol 50 no data no data Moderately red deep 
sandy duplex 
0519 52 470113 8295218 Red Kandosol 450 no data no data no data 
0520 52 470117 8294596 Red-Orthic Tenosol 575 no data no data no data 
0521 52 470118 8294065 Red Kandosol 525 no data no data no data 
0522 52 470109 8293500 Red Kandosol 450 no data no data Subsoil sodic 
0523 52 469674 8292850 Red Kandosol 575 no data no data Soil deep 
0524 52 469051 8292696 Red Kandosol 575 no data no data no data 
0525 52 486316 8249025 Red-Orthic Tenosol 575 no data no data no data 
0526 52 486288 8249185 Red-Orthic Tenosol 575 no data no data no data 
0527 52 486117 8249393 Red-Orthic Tenosol 775 no data no data no data 
0528 52 485893 8249164 Red-Orthic Tenosol 575 no data no data no data 
0529 52 485853 8248913 Red-Orthic Tenosol 550 no data no data no data 
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0530 52 485667 8248886 Brown-Orthic Tenosol 200 no data no data no data 
0531 52 485722 8248890 Red Kandosol 425 no data no data no data 
0532 52 485650 8249202 Red-Orthic Tenosol 575 no data no data no data 
0533 52 485483 8249433 Red-Orthic Tenosol 300 no data no data Sandstone at 300cm 
0534 52 485541 8249617 Red-Orthic Tenosol 350 no data no data no data 
0535 52 485383 8249418 Red-Orthic Tenosol 225 no data no data no data 
0536 52 485104 8249466 Lithic Red-Orthic 
Tenosol 
140 no data no data no data 
0537 52 485114 8249791 Red-Orthic Tenosol 280 no data no data no data 
0538 52 490402 8247925 Red-Orthic Tenosol 725 no data no data no data 
0539 52 490197 8247570 Red-Orthic Tenosol 575 no data no data no data 
0540 52 489880 8247526 Red-Orthic Tenosol 575 no data no data no data 
0541 52 489476 8247499 Red-Orthic Tenosol 575 no data no data no data 
0542 52 489382 8247884 Red-Orthic Tenosol 575 no data no data no data 
0543 52 489198 8248111 Red-Orthic Tenosol 450 no data no data no data 
0544 52 488778 8248205 Red-Orthic Tenosol 490 no data no data no data 
0545 52 488350 8247877 Red-Orthic Tenosol 830 no data no data no data 
0546 52 488249 8247707 Red-Orthic Tenosol 450 no data no data no data 
0547 52 487968 8247937 Red-Orthic Tenosol 570 no data no data no data 
0548 52 487334 8248089 Red-Orthic Tenosol 540 no data no data no data 
0549 52 486932 8248287 Red-Orthic Tenosol 570 no data no data no data 
0550 52 487010 8248596 Red-Orthic Tenosol 575 no data no data no data 
0551 52 487493 8248895 Red-Orthic Tenosol 570 no data no data no data 
0552 52 487977 8248777 Red-Orthic Tenosol 570 no data no data no data 
0553 52 487364 8249765 Red-Orthic Tenosol 450 no data no data no data 
0554 52 487229 8249966 Red-Orthic Tenosol 210 no data no data no data 
0555 52 487211 8249998 Red-Orthic Tenosol 275 no data no data no data 
0556 52 487041 8250297 Red-Orthic Tenosol 170 no data no data no data 
0557 52 486820 8250435 Red-Orthic Tenosol 530 no data no data no data 
0558 52 486351 8250458 Red-Orthic Tenosol 450 no data no data no data 
0559 52 486058 8250451 Red-Orthic Tenosol 570 no data no data no data 
0560 52 485902 8250693 Red-Orthic Tenosol 620 no data no data no data 
0561 52 485695 8250574 Red-Orthic Tenosol 575 no data no data no data 
0562 52 485564 8250351 Red-Orthic Tenosol 550 no data no data no data 
0563 52 485330 8250506 Red-Orthic Tenosol 320 no data no data no data 
0564 52 485096 8250757 Red-Orthic Tenosol 200 no data no data no data 
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0565 52 485182 8251094 Red-Orthic Tenosol 240 no data no data no data 
0566 52 484918 8251140 Red-Orthic Tenosol 575 no data no data no data 
0567 52 485094 8251800 Red-Orthic Tenosol 320 no data no data no data 
0568 52 485155 8251997 Ferric Red-Orthic 
Tenosol 
255 no data no data no data 
0569 52 485235 8252159 Brown-Orthic Tenosol 280 no data no data no data 
0569P 52 458237 8252159 Sesqui-Nodular 
Tenosol 
150 no data no data no data 
0570 52 484470 8251277 Sesqui-Nodular 
Tenosol 
270 no data no data no data 
0571 50 484494 8251277 Red-Orthic Tenosol 270 no data no data no data 
0572 52 484007 8251497 Red-Orthic Tenosol 380 no data no data no data 
0573 52 483633 8252329 Red Kandosol 570 no data no data no data 
0574 52 469837 8286682 Brown-Orthic Tenosol 425 310 18 no data 
0575 52 469678 8287107 Brown Kandosol 425 260 9.8 no data 
0576 52 469459 8287364 Brown Kandosol 250 200 9.1 no data 
0577 52 469543 8288009 Red-Orthic Tenosol 480 430 5.5 no data 
0578 52 469164 8288813 Brown Kandosol 425 240 no data no data 
0579 52 469266 8289406 Brown Kandosol 450 160 5.8 no data 
0580 52 469074 8289830 Brown Kandosol 575 250 5.9 no data 
0581 52 468737 8289660 Yellow Kandosol 275 185 5 no data 
0582 52 468533 8289976 Brown Kandosol 570 290 5 no data 
0583 52 468389 8289545 Brown-Orthic Tenosol 425 220 4.2 no data 
0584 52 468659 8289119 Red Chromosol  350 135 8.5 no data 
0585 52 469795 8287451 Red-Orthic Tenosol 575 430 8.5 no data 
0586 52 465241 8289996 Red-Orthic Tenosol 575 no data no data no data 
0587 52 464731 8290417 Red-Orthic Tenosol 575 no data no data no data 
0588 52 464339 8290701 Red-Orthic Tenosol 570 no data no data no data 
0589 52 463656 8290837 Red-Orthic Tenosol 575 no data no data no data 
0590 52 463455 8291162 Red-Orthic Tenosol 475 no data no data no data 
0591 52 463220 8291412 Red Kandosol 570 no data no data no data 
0592 52 463082 8291611 Red-Orthic Tenosol 725 no data no data no data 
0593 52 462967 8291950 Red Kandosol 570 no data no data no data 
0594 52 462904 8292465 Red-Orthic Tenosol 575 no data no data no data 
0595 52 463162 8292702 Red Kandosol  450 no data no data no data 
0596 52 462977 8292883 Red Kandosol 180 no data no data no data 
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0597 52 463515 8292223 Red-Orthic Tenosol 475 no data no data no data 
0598 52 463463 8291827 Red-Orthic Tenosol 575 no data no data no data 
0599 52 463577 8291426 Red-Orthic Tenosol 575 no data no data no data 
0600 52 463873 8289691 Red-Orthic Tenosol 575 no data no data no data 
0601 52 463424 8289888 Red-Orthic Tenosol 490 no data no data no data 
0602 52 462955 8289910 Red-Orthic Tenosol 575 no data no data no data 
0603 52 463093 8290649 Red-Orthic Tenosol 575 no data no data no data 
0604 52 462859 8291234 Red-Orthic Tenosol 400 no data no data no data 
0605 52 462654 8291177 Red-Orthic Tenosol 575 no data no data Near sandstone 
outcrop 
0606 52 462437 8291865 Red-Orthic Tenosol 400 no data no data no data 
0607 52 464113 8291867 Red-Orthic Tenosol 550 no data no data no data 
0608 52 464569 8291935 Brown-Orthic Tenosol no data no data no data Brown sands 
0609 52 464976 8292374 Red-Orthic Tenosol 575 no data no data no data 
0610 52 465631 8292057 Red-Orthic Tenosol 575 no data no data no data 
0611 52 465224 8291734 Red-Orthic Tenosol 570 no data no data no data 
0612 52 470460 8295717 Red-Orthic Tenosol 570 no data no data no data 
0613 52 470434 8295506 Red-Orthic Tenosol 575 no data no data no data 
0614 52 470309 8295005 Red-Orthic Tenosol 575 no data no data no data 
0615 52 469600 8295224 Brown-Orthic Tenosol 575 550 no data no data 
0616 52 469115 8294798 Red-Orthic Tenosol 575 420 no data no data 
0617 52 468870 8294290 Red-Orthic Tenosol 575 no data no data no data 
0618 52 469700 8294485 Red-Orthic Tenosol 575 no data no data no data 
0619 52 469739 8293745 Red-Orthic Tenosol 575 no data no data no data 
0620 52 469393 8293106 Red-Orthic Tenosol 725 no data no data no data 
0621 52 470132 8291680 Red Chromosol 290 no data no data no data 
0622 52 469087 8293041 Red-Orthic Tenosol 575 no data no data no data 
0623 52 468944 8294083 Red-Orthic Tenosol 575 no data no data no data 
0624 52 469500 8294340 Red-Orthic Tenosol 575 no data no data no data 
0625 52 469758 8294191 Red-Orthic Tenosol 575 no data no data no data 
0626 52 469349 8292847 Red Kandosol 575 no data no data no data 
0627 52 469214 8292500 Red-Orthic Tenosol 575 no data no data no data 
0628 52 469508 8292215 Red-Orthic Tenosol 575 no data no data no data 
0629 52 469226 8291801 Red-Orthic Tenosol 575 no data no data no data 
0630 52 469137 8292166 Red-Orthic Tenosol 575 no data no data no data 
0631 52 469174 8291408 Red-Orthic Tenosol 575 no data no data no data 
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0632 52 469282 8291080 Red-Orthic Tenosol 575 no data no data no data 
0633 52 468871 8290935 Red Kandosol 575 no data no data no data 
0634 52 469023 8290807 Red Kandosol 575 no data no data no data 
0635 52 469146 8288553 Brown-Orthic Tenosol 425 210 10.5 no data 
0636 52 468207 8289909 Brown-Orthic Tenosol 200 320 6.8 no data 
0637 52 467392 8289783 Red-Orthic Tenosol 725 510 no data no data 
0638 52 467256 8289827 Red-Orthic Tenosol 575 no data no data no data 
0639 52 467156 8290098 Red-Orthic Tenosol 575 no data no data no data 
0640 52 466830 8290464 Red-Orthic Tenosol 575 no data no data no data 
0641 52 466295 8290871 Red-Orthic Tenosol 575 no data no data no data 
0642 52 465820 8291404 Red-Orthic Tenosol 575 no data no data no data 
0643 52 465450 8290925 Red-Orthic Tenosol 575 no data no data no data 
0644 52 465263 8290747 Sandstone ridge line no data no data no data no data 
0645 52 465575 8290435 Red-Orthic Tenosol 575 no data no data no data 
0646 52 465660 8289122 Red-Orthic Tenosol 575 430 4.8 no data 
0647 52 465518 8288624 Yellow-Orthic Tenosol 575 370 no data no data 
0648 52 467263 8286560 Red-Orthic Tenosol 575 no data no data no data 
0648P 51 467262 8286560 Red-Orthic Tenosol 250 no data no data no data 
0649 52 467041 8286068 Red Kandosol 575 no data no data no data 
0650 52 466878 8285764 Red-Orthic Tenosol 575 no data no data no data 
0651 52 466541 8285254 Red-Orthic Tenosol 575 no data no data no data 
0652 52 466749 8285235 Red-Orthic Tenosol 575 no data no data no data 
0653 52 466991 8285191 Red-Orthic Tenosol 575 no data no data no data 
0654 52 467303 8285089 Red-Orthic Tenosol 540 5 no data no data 
0655 52 467225 8283942 Red-Orthic Tenosol no data 380 3.7 no data 
0656 52 466151 8282119 Red-Orthic Tenosol 575 490 no data no data 
0657 52 465845 8282207 Red-Orthic Tenosol 575 500 no data no data 
0658 52 465611 8282272 Red-Orthic Tenosol 575 550 no data no data 
0659 52 465296 8281952 Red-Orthic Tenosol 575 no data no data no data 
0660 52 464663 8288643 Brown-Orthic Tenosol 100 no data no data no data 
0661 52 463064 8292165 Sandstone no data no data no data no data 
0662 52 459968 8291825 Red-Orthic Tenosol 100 no data no data no data 
0663 52 458343 8292431 Red-Orthic Tenosol 80 no data no data no data 
0664 52 458286 8292658 Brown-Orthic Tenosol no data no data no data no data 
0665 52 458281 8292982 Red-Orthic Tenosol 90 no data no data no data 
0666 52 458286 8293124 Red Kandosol 160 no data no data no data 
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0667 52 459434 8293395 Red-Orthic Tenosol 100 no data no data no data 
0668 52 470141 8289199 Red Kandosol 25 no data no data no data 
0669 52 470132 8291093 Red Kandosol 25 no data no data no data 
0670 52 470605 8295932 Red-Orthic Tenosol 100 no data no data no data 
0671 52 471158 8295700 Red-Orthic Tenosol 100 no data no data no data 
0672 52 471736 8295510 Red Chromosol  60 no data no data no data 
0673 52 471383 8295228 Red-Orthic Tenosol 100 no data no data no data 
0674 52 470938 8295184 Red Kandosol 20 no data no data no data 
0675 52 468960 8295215 Red Kandosol 210 no data no data no data 
0676 52 468717 8295428 Red-Orthic Tenosol 100 no data no data no data 
0677 52 468616 8295200 Red Chromosol  200 no data no data no data 
0678 52 468035 8293588 Red Kandosol 200 no data no data no data 
0679 52 468474 8293155 Red-Orthic Tenosol 80 no data no data no data 
0680 52 467866 8292504 Red-Orthic Tenosol 80 no data no data no data 
0681 52 468535 8292302 Red-Orthic Tenosol 80 no data no data no data 
0682 52 468828 6291470 Red-Orthic Tenosol 80 no data no data no data 
0683 52 468431 8290832 Red-Orthic Tenosol 80 no data no data no data 
0683N1 52 468496 8290400 Brown-Orthic Tenosol no data no data no data no data 
0683N2 52 469011 8290215 Red-Orthic Tenosol no data no data no data no data 
0684 52 490447 8247061 Red-Orthic Tenosol 80 no data no data no data 
0685 52 490539 8246851 Red-Orthic Tenosol 80 no data no data no data 
0686 52 490648 8246648 Brown Kandosol 60 no data no data no data 
0687 52 495174 8294451 Grey Kandosol 200 no data no data no data 
0688 52 494220 8296697 Grey Kandosol 220 no data no data no data 
0700 52 485448 8253863 Brown Kandosol 100 no data no data Sample taken 
0701 52 484893 8254330 Surface rock, 
carbonates 
no data no data no data Surface rock 
0702 52 484540 8254463 Red Kandosol 85 no data no data Sample taken; 
limestone at 85cm 
0703 52 484166 8254722 Brown Chromosol  100 no data no data Top and subsoil 
sample taken 
0704 52 483353 8255302 Yellow Chromosol 100 no data no data no data 
0705 52 482968 8255580 Red Kandosol 100 no data no data Red areas; sample 
taken 
0706 52 482968 8255580 Grey Chromosol no data no data no data Surface gravel; grey 
termite mounds 
0707 50 482252 8256355 Red Kandosol 120 no data no data Red surface; yellow-
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brown termite mounds 
0708 50 482012 8257082 Red Chromosol 90 no data no data Limestone at 75cm 
0709 52 481966 8257567 Brown Kandosol 70 no data no data no data 
0710 52 482028 8257986 Brown-Orthic Tenosol 100 no data no data no data 
0711 52 470153 8290649 Red Kandosol 210 no data no data no data 
0712 52 470803 8290526 Red Kandosol 100 no data no data no data 
0713 52 471247 8290026 Red-Orthic Tenosol 80 no data no data Red termite mounds 
0714 52 471724 8289941 Red Kandosol 120 no data no data Bleached at 40cm 
sandstone at 100cm 
0715 52 471282 8289560 Red Kandosol 110 no data no data Good soil 
0716 52 470936 8289139 Red Chromosol 220 no data no data no data 
0717 52 471444 8288585 Red Chromosol 110 no data no data no data 
0718 52 472197 8288766 Red Chromosol 180 no data no data no data 
0719 52 471802 8288208 Red Chromosol 180 no data no data Profile same as Site 
0718 
0720 52 471496 8287692 Red Kandosol 110 no data no data no data 
0721 52 470675 8287420 Red Kandosol 100 no data no data no data 
0722 52 472006 8289414 Red Chromosol 45 no data no data Limestone at 45cm 
0723 52 472153 8289635 Red Kandosol 100 no data no data Sandstone at 100cm 
0724 52 472668 8290401 Red Kandosol 100 no data no data no data 
0725 52 473081 8290889 Red Kandosol 90 no data no data Sandstone at 90cm 
0726 52 473329 8291787 Limestone, Red 
Chromosol 
no data no data no data Limestone outcrop 
0727 52 473337 8292445 Red Kandosol 110 no data no data Sandstone at 110cm 
0728 52 473337 8292881 Limestone no data no data no data Surface limestone 
0729 52 473324 8293354 Sandstone, limestone no data no data no data Surface rocks (mainly 
sandstone & some 
limestone); red 
surface 






Cockatoo Sands: land capability assessment  
References 
Allen, DG & Jeffery, RC 1990, Methods for the analysis of phosphorus, Western 
Australian Soil Report of Investigation no. 37, Chemistry Centre Western 
Australia. 
Aldrick, JM & Robinson, CS 1972, Report on the land units of the Katherine–Douglas 
area, NT, 1970, Land Conservation Series no. 1, Land Conservation Section, 
Animal Industry and Agriculture Branch, Northern Territory Administration, 
Darwin, Australian Government Publishing, Canberra. 
Aldrick, JM, Clarke AJ, Moody PW, van Culenburg MHR & Wren BA 1990, ‘Soils of the 
Ivanhoe Plain, East Kimberley, Western Australia’, Technical bulletin no. 82, 
Department of Agriculture, Western Australia, Perth. 
Burvill, GH 1944, Soil Surveys in the Kimberley, Division of Western Australia, 
Department of Agriculture, Western Australia, Perth. 
Burvill, GH 1991, ‘Soil surveys and related investigations in the Ord River area, East 
Kimberley, 1944’, Technical bulletin no. 80, Department of Agriculture, Western 
Australia, Perth. 
Carroll, D 1947, ‘Heavy residues of soils from the lower Ord river valley, Western 
Australia’, Journal of Sedimentary Petrology, vol. 17, no.1, pp. 8–17. 
Dilshad, M, Motha, JA & Peel, LJ 1996, ‘Surface runoff, soil and nutrient losses from 
farming systems in the Australian semi-arid tropics’, Australian Journal of 
Experimental Agriculture, vol. 36, pp.1003–12. 
Dixon, JC & Petheram, RJ 1979, ‘Soil potential for groundnut production at 
Kununurra, Western Australia’, Technical bulletin no. 50, Western Australian 
Department of Agriculture, Perth. 
Dixon, J & Holman, WF 1980, Land capability study of (sandy) soils north-west of 
Ivanhoe Plains, Kununurra, WA, Soil survey report 164, Western Australian 
Department of Agriculture, Perth. 
Geological Survey of Western Australia 1974, Geology of Western Australia: West. 
Australia Geol. Survey, Mem. 2, Geological Survey of Western Australia, Perth. 
Geological Survey of Western Australia 2013, Radiometric merged grids of Western 
Australia, Geological Survey of Western Australia, Perth. 
Geoscience Australia, 2010, The Radiometric Map of Australia Dataset (radmap10), 
Geoscience Australia, Canberra. 
Hamza, MA 2008, ‘Understanding soil analysis data’, Resource management 
technical report 327, Department of Agriculture and Food, Western Australia, 
Perth. 
Hignett, C 2013, Operation of Ring Permeameters. Retrieved 15 August 2013 from 
www.soilwater.com.au. 
102 
Cockatoo Sands: land capability assessment 
Indorante, SJ, Hammer, RD, Koenig, PG & Follmer LR 1990, ‘Particle size analysis 
by modified pipette procedure’, Soil Science Society of America Journal, vol. 54, 
no. 2, pp.560–63. 
Isbell, RF 1986, Studies of Rangeland Soils in the North and East Kimberley 
Regions, North-West Australia: Part 1 Soil distribution and properties, Division 
of Tropical Crops and Pastures Technical Paper no. 28, CSIRO, Melbourne. 
Isbell, RF 2002, The Australian Soil Classification, revised edn, CSIRO Publishing, 
Australia. 
Jenny, H 1980, ‘The Soil Resource: Origin and Behaviour’, Ecological Studies, vol. 
37, Springer-Verlag, New York. 
Kew, G 2008, ‘Pindan Country Soils of the West Kimberley’, Department of 
Agriculture and Food, Western Australia, Perth. 
Landon, JR (ed.) 1991, Booker tropical soils manual: a handbook for soil survey and 
agriculture land evaluation in the tropics and subtropics, Booker Agriculture 
International Ltd, Longman, London. 
McDonald, RC, Isbell, RF, Speight, JG, Walker J & Hopkins, MS 1998, Australian soil 
and land survey field handbook, 2nd edn, Inkata Press Melbourne/Sydney. 
McKenzie, NJ, Grundy, MJ, Webster, R & Ringrose-Voase, AJ 2008, Guidelines for 
Surveying Soil and Land Resources, 2nd edn, CSIRO Publishing, Australia. 
McPharlin,I, Delroy, N, Jeffery, B, Dellar, G, Eales, M 1990, ‘Phosphorus retention of 
sandy horticultural soil on the Swan Coastal Plain, WA’, Journal of Agriculture, 
vol. 31. 
Moore, G 1998, ‘Soil Guide: A handbook for understanding and managing 
agricultural soil’, Bulletin 4343, Agriculture Western Australia, Perth. 
Mory, A J & Beere, GM 1988, Geology of the onshore Bonaparte and Ord Basins in 
Western Australia, Bulletin no. 134, Western Australian Geological Survey, 
Perth. 
Munsell Color Company 1975, Munsell Soil Color Chart, Munsell Color Company 
Inc., Baltimore, USA. 
Northcote, KH 1979, A Factual Key For The Recognition Of Australian Soils, 4th edn, 
Rellim Technical Publications Pty Ltd, Adelaide, South Australia. 
O’Gara, FP 2010, Striking the Balance, Northern Territory Government, Berrimah, 
Northern Territory. 
Percival, PJ 2010, Index of Airborne Geophysical Surveys, 11th edn, Geoscience 
Australia, Record 2010/13, Geocat: 70295. 
Petheram, RJ & Kok, B 1983, Plants of the Kimberley Region of Western Australia, 
Rangeland Management Branch, Western Australian Department of Agriculture, 
University of Western Australia Press. 
103 
Cockatoo Sands: land capability assessment  
Plumb, KA & Veevers, JJ 1971, Cambridge Gulf, WA 1:250,000 Geological Series, 
Explanatory Notes, Sheet SD/52-14 International Index: Australia Bureau of 
Mineral Resources, Geology and Geophysics. 
Rayment, GE & Lyons, DJ 2011, Soil Chemical Methods – Australasia, CSIRO 
Publishing, Australia. 
Raupach, M & Tucker, BM 1959, ‘The field determination of soil reaction’, Journal of 
Australian Institute of Agricultural Science, vol. 25, pp. 129–33. 
Ruprecht, JK & Rogers, SJ 1999, Hydrology of the Ord River, Water Resource 
Technical Series, WRT 24, Western Australia Water and Rivers Commission. 
Schoknecht, N & Pathan, S 2012, ‘Soil groups of Western Australia: A simple guide 
to the main soils of Western Australia’, 4th edn, Resource management 
technical report 380, Department of Agriculture and Food, Western Australia, 
Perth. 
Smith, S & Hill, J 2011, Supporting sustainable development – risks and impacts of 
plant industries on soil condition, Technical bulletin no. 340, Northern Territory 
Government, Australia. 
Smolinski, H, Kuswardiyanto, K, & Laycock, J 2010, ‘Cockatoo soil survey: 
assessment of irrigation potential, Kununurra, East Kimberley’, Resource 
management technical report 264, Department of Agriculture and Food, 
Western Australia, Perth. 
Speck, NH, Bradley, J, Lazarides, M, Patterson, SJ, Slatyer, RO, Stewart, GA & 
Twidale, CR 1960, Lands and Pastoral Resources of the North Kimberley Area, 
WA, Land Research Series no. 4, CSIRO Australia, Melbourne. 
Stewart, GA 1956, The soils of the Katherine–Darwin region, Northern Territory, Soil 
Publication no. 6, CSIRO Australia, Melbourne. 
Stewart, GA, Perry, RA, Paterson, SJ, Traves, DM, Slatyer, RO, Dunn, PR, Jones, PJ & 
Sleeman, JR 1970, Lands of the Ord-Victoria area, Western Australia and 
Northern Territory, CSIRO Land Research Series no. 28, CSIRO, Australia. 
Stephens, CG 1956, A manual of Australian soils, CSIRO Australia, Melbourne. 
Stoneman, TC 1972, ‘Packsaddle Plains soil survey’, Technical bulletin no. 55, 
Western Australian Department of Agriculture, Perth. 
Van Cuylenberg, M 1977, ‘Sandy soils in the vicinity of Cave Paintings’, Western 
Australian Department of Agriculture, Perth. 
van Gool, D, Tille, P & Moore, G 2011, ‘Land evaluation standards for land resource 
mapping assessing land qualities and determining land capability in South-
Western Australia’, Resource management technical report 298, Department of 
Agriculture and Food, Western Australia, Perth. 
Wetherby, K 1999, Soil survey for irrigation (handbook and workshop information 
guide), Australian Soil Surveyors Workshop, Loxton, South Australia. 
104 
